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%^c]] 2]8l) A^V7l ^ll 7)^. dB^IoII 711^5 ^/SE^ 71^1- ^ 'i,>7l ^2.2] ±7^$^ 

7fl^^# NAl, ^7] 4^(X 2)S1 ^#ofl a]*|) >^7l 7fl2 ^^Ji 7)S nfl^ofl ;,l)>aj ^/^^ 7)^^ »Jg^^ cfl -Jf 
7l tfll- ^as) i;gs] 7fl^=M- NA2, ^o^7l 3)2] ^^-^I s]^ ^^7] ^3 ^^^M. 7]^ Dll^lo)] xfl^j) 

71^* t]] l^tV cfll- ^2:2^ i;gsl >^V^ 7ll^^» NA3^S t nil. I nl I > | n2 I , 

SEt>. I nl I > I n3 I , * ^^^^l^lfe. ^a\6\]^ ^^^^ 5]^^^ ^j.^, ^ 

7]^ nBsfloll tli\^ ;gi2] 711^3 ^/££fe 7)^-^ ^t}?] $]^, ^^7] 7l]^^(NAl) "^S.^ 

^71 7]^ Dl)s))2) 71^^ ^voil ^J^t ^ Slil, -^■71 42 %^s] ^27.} Sj^^^* ^^7] ^2 7]^ 

BDSfloll nHtV ;g^fi) 711^5 7)^^ sj!5f7l ^^7] 7fl^^(NA2) Lfloil^i <y=:£6V ^^jsl-s^ i!-7l ;^12 

rflSV ;ga.2^ 711^5 ^/Hfe 7]^^ «j§f7l ^8)1, Aj-71 7B^=^-(NA3) ^oD-^i ^^J5).£^-^V7] 



"USE 

£ 1 

7]^, 7]^ ofiAfl, €2:, S]^ ^tl- 

£.12] (a)^ -g- ^A] ^EflS] Cfll- €2:3] 

i^is] (b)fe- £12] (a) 2] cfll- €a2l 

£12] (c)^ £12] (a)s) cfll- ^aa] ^cflsV 

H2fe £12) (a)2) tfll- €21- AV^^ ^ S.^^ 7ll^E. 

£32] (a)^ ^^■]s] ^E))21 tfll- ^as) 

£32] (b)fe £32] (a) 2] clll- ^2,3\ 

£32] (c)fe £32] (a) 2] tfl# ^as^ ^cfl^ E^. 

£4fe £32) (a)2) c))l- ^2:# Af^sV :^ ;3.5)f. ^.a)*}- 7))ifE. 

£52] (a) tflx] (c)fe zf4 ^^^*V£. 

£62] (a) ^;^] (c)fe z]-2]- ^^^^l-£. 

£72] (a) Ml^l (c)fe-2]-4T^^=r*V£. 

£82] (a) (c)^ z]-zf ^^^^V£. 

£8a2) (a) xfl^l (c)fe 2]-2t ^^^^l-£. 
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£.9fe ;^15 ^^MS] Oil- ^^3] X l=405nm'^l^i2) 

£10^ ^5 cl)# ^Sfi] \ 2=650nm'H]Aifi1 ^SE. 

Sii^ ;(J15 cfll- ^Z:2l \ 3=780nm<Hl^is) 

£12fe- -y^^Hlsl nfll- ^2:2] A. l=405nmo|] tfleV 711^=^- 0.857W3] 

£13€- >H15^-^1<^121 CDS ^Se] \ l=405nm4NAl 0.8521 S^^S. ^^jsl^^e^?!! -§-^§-0!: 7.]^2\ 

\ 2=65Dnm2l 'a>^M?l ^^s] 

£l4fe ;*il5 ^-^HjSl cHl- ^2:2) X l=405nm2l- NA2 0.852) 2^-2-^ ^^^s]fe 2:e]7ll J^ll-Sj 
X 3=780nm2l 'U^}^]^ ^-?-2) ^^^^.^tj-s. 

S.15fe ;*il6 ^^l°il.2l cfll- ^2:2] X l=405nm<H)>^l2) 

SIB'S- ;«1|6 '^^H2) cfll- 531^2) X 2=650nmoll'^l2) %S.S.. 

3^17-8: ^16 ^Ajoilfi) cfll- ^^oj 3=780nm°ll>>-l2) 

i^l8* ;*I16 ^^M^ tfll- ifflas) X l=405nmOi] tfle^ 7!!^^ 0.857W21 ^^^Sj-S. 

£.19fe ;«il6 cfl# ^2:2) X l=405nin4 NAl 0.852] S^AS. ^M^^S]^ ai£]7fl ^-f-ef. =.0) 

X 2=650nm2l ^'^W?! ^-f 2] ^^=^^*V£. 

£20-8- ;<fl6 ^Ajoilo^ nfli ^^o] X l=405nm4 NA2 0.852) 2:^o.^ ^i^js)^ 2:£)7ll f-^tb ^^11-21 

X 3=780nm2) "a^l-Al?] ;g o-s) ^c^^^i-s 

£.21'a- 47 ^^H121 cfll- ^2:2] X l=405nmoll'^l2) 

S.22^ ;«)17 'a'^Hl2l cfl# ^ss] X 2=650nmOil><is) 

£23^ ^17 ^Aloj)o^ cfll- ^2lS] X 3=780nm°il>^i2l ^S.Z. 

£24^ ;»il7 ^'^Ms] cfll- ^2:2) X l=405nin<Hl cfl^ 711^4^ 0.857W21 

£25fe ;«1|7 'a>^H2] cfll- ^2:2) X l=405nm4 NAl 0.852) 2:^.^3. ^S^s)^ 2:El7l| ;^)l-2)- -f-^tF ^l«-2) 
X 2=650nm2) SJ^M?! ^■f2) ^^-^^sj-S. 

S.26^ ^7 'S'^l'^fil ifll- ^^2) X l=405nin^ NA2 0.852) af-o.^ ^ ^s)^ 2:e)7fl -§-■§•?!• >^ll-s) 

X 3=780nm2) "U-^}^]^ ^-f 2) 

S27-& ^18 ^Ajoils] cfll- ^ae) X l=405nmo|)><-i2) %S.^. 

£28^ ^)8 ^^l«il2) cfll- 5^2:2) X 2=655nin'^>«-l2) 

£29^ >l|8 -^'^l«>i|2) cfll- 5^2:3) X 3=785nm«1|'<-i2^ 

£.30'£- ;»1)8 ^>^1<^)2) cfll- ^2:2) X l=405nm<Hl cfl^> 7fl^^ 0.857>^)2) 
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E3l€- M ^^Hl2l cfll- ^2:2] X l=405nm2l- NAl 0.852] ^^^s)^ 2:E]7l| 

\ 2=655ninel "a^^'W?] 2^ 

£33€- £17°)) ^2.o\] ^E121 H.U).t-4 3]$^^^ i+El-'d E^. 

£36^ ^ ^^"goll 4# S t^--^ ^ ^^11- 711'^^ o.^ EA]dV 
£39fe -g- "^"ioi] S ^ ^^11- 7l|'|a^ O.S. s.^^ E^. 

£432) (a)^ E92j ^ ^J-^1<^1 oj^s^fe a^^^)- ^i^fo] 4* 5]^^ 4,;^).o] ^i^-^EolJi, E430) (5) 

cff' ^-8-^ ^^^^7] 4^21. ^^-ir^a] #7ill- eai^!- e^. 

£44^ ^Al ^Efloll ol-s ;(112 ^ ^^1* 7l^^^S. EAltV E^. 

£45fe 42 ^^<^ ;^3 ^ ^<a 7lii^^j5.S EaRV e«. 

£46€- ^12 ^^1 ^Hfloil E).^ ;(114 ^ 7)1 a) o.^ EAjt^ E^. 

£47^ ;«J|3 ^^1 ^^<^1 itl-# >I15 ^ ^^l* 7ll^^^S. EAl^ E^. 

£48^8- m ^^<^ Ic^« ;^i6 % ^<a 7^^^±s. eai^ e^. 

£49fe ;<114 -i^l ^£11<H1 t[l-& ^]7 ^ si<g 7l)^ajAS. EAjeV e^. 

£50^: ^Al ^Efl ^ Z)- ^Ala))ollA^ o] .g-^ ^ Sife 7fl^ ^^i; £fe 7fl^ ^'c^^S.A^ rfll- iglSl- ^^jSV 

SSI'S- S.17S1 -frcll «E.1fi] ^'3§>7l E^. 

£52fe £172] q--^ -grcfl ^E-is) ^-g-^ ^-151-7] ^tV E^. " ' ' 

£.53^ ^AHfi) oil- ^2:3] X l=405nin<^>^i2l ^SE. 

£54^ ^ll ^^M^ cfll- \ 2=650nm°ll^l2l %S.I^'. 
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H55fe ^11 ^^l°il2] cfll- ^S2] X 3=780nm<^]^1fi^ 

£56^ ^11 -a^^loflel i:fll- t^s\ \ l=4Q5nmofl nfleV 7l|^^ 0.857W21 

S-ST-a- ^^loflfi] cfll- €2:21 X 2=650nm°)l cflt!: 7)]^^ 0.657H21 

S.58€- ifll- la^fi] X 3=780nmoll 7l|^^ O.SO^'Hsl 

H59fe -a^Hlsl cfl«- ^ael X 2=650nm°)l tfltb 

£60^ ^1 M^MS] cfl# ^ss) X 3=780nmoll tflt^ cf-E i^^^^VH. 

£62fe m ^^Hl2j ^«}-7il2l Oil- €is) X l=405nm ± 10nm«i] 7I]^*^ 0.857H2) ^^^SfE. 
£63^ ^2 ^^MS\ Wr^^om^ tfl# ^2.s:^9\ ^^^ns\ X l=405nm ± 10nm<^ tlH^ 7ll^^ 0.85 

5.65^ M]2 ^^MS] %nA]3] €2:2] X 3=780nm«HlAi2] 

£66^8: ^12 '^^]<^]S\ ^% till- €2:21 X 2=650nm<>ij ifltb 7l1^^ 0.65^^21 

£67€: >il2 ^Aloi]2l J^-^^ls] cHl- €2:21 X 3=780nm°l] cfl*!- 7)1^^ 0.507^2] ^-S^^l-S. 

£68-8: m ^^]<^^ ^% X I=405nm°i1-^121 

£69fe ^13 -a^^HS] ^«h7i]2l X l=405nin ± 10nm<^l cfl?!- 7B^^ 0.85^'}^l2l 

£.70'e: 43 ^AHlsi X 2=650nm<^l'«-i2l 

£71^ :^3 'i'^HSI ^^7il2l X 3=780nm<ill>«>l2l 

£72fe ^13 ^^]<is] ^tl-;^l2l x 2=650nmol] nflt!- 7fl?-T^ 0.657>^|2l 

£73* 43 ^^M^ ^% X 3=780nm<^] 01$ 7}|^^ 0.507H21 ^^^sfE. 

H74fe- ;»i]4 ^AHlai ^j:^ ^«)-7i]2l \ I=405nmol]><-I2l 

£75fe ;<1]4 -^^101121 ^^:^121 X l=405nm ± lOnm^Hl 01$ 7ll^^ 0.857^21 ^^^^^l-t. 

44 ^M^^ ^% %n4s] OlS €2:21 X 2=650nm'fl>«-l2l %S.S.. 
£.77-8: ;«114 'a^]<^l2) ^^71121 oil- €^21 X 3=780nmoilAi2l ^fss. 
£78'a- ;*I|4 -a^^HSl ^^71121 X 2=650nmoil cfl^ 7ll^^ 0.657H21 ^c^^^-SVs. 
£79^ 44 ^^H121 ^t^;^l2l X 3= 780nni'>l) Ol?!" 7ll^^ 0.50^'}^]2^ ^^^^]-£. 
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£80€- m -a^HlS] ^% a. l=405nm<Hl^i2l %S.S.. 

:E81-8- ^5 ^^M2\ \ 2=650niii<HlAi2l ^SS.. 

£82fe ^15 ^^l^ils] ^«h7ll2l \ 3=780nm<Hl^i2l 

£83^ ;»fl5 -iA]oilfi] i^^T^S] \ l=405nm ± 10nm<i11 tfl* 7|1^4^ 0.857^31 

£84^ 45 ^Alo|l2l ^t^7il2^ \ 2=650ninoll 7ll^^ 0.657W2] 

. £85^ =«115 ^>^l«>il3) \ 3=780nni'Hl tfl^ 7)1^^ 0.50V}^]S] ^^^7.}-^.. 

£86^ ^15 ^^^loflsl X l = 405nm2l- NAl 0.8521 S^^S ^S^jSlfe SlS]?^ -f-i-t!- ^^^1 

#S) \ 2=650nmSl %^ ^'^M?! ^-f s] 

aST'Sr m ^^]^]^^% tnn^l \ l=405nin°))^i2l ^SH. 

E88'a- >I16 ^^]<^s] ^^Tflfil cfll- ^2;S1 X l=405nm ± 10nm<H) tfl^ 7ll?-^ 0.857W21 ^^^t^^VE. 
£89^ 46 ^^]<=^s\ ^^Tflsl \ 2=650nmoll'^i2l 
£90-8: ^16 ^Aloj)2) ^^Tfla) A. 3=780ninoll'«-i2l %S.Z. 

46 ^^]°^s\ ^% ^^Tilsl X 2=650nm<^l tfl^ 7ll^^ 0.657H21 
S.92fe ^16 ^^^l-^lel K 3=780nm°ll 7fl^^ O.SO^Hs) 

£93-8: 4^ ^^^KB. ^j-^Mofl^i al^Sl-^ l-efloja ^^oflA^ ^--^^Sl-fe 3^-;^ 405nm2l i^V 

650nni2) %2\ i^} s\^^3^, 780nm2] l^V sl^^affil 2);g jL^rSj 42: cflo]: 2)^^^* M-Ej-'d S. 

5S.94^ 340nm < X B < 450nm^ "S^sj-ir 43i x S1-t^2o||^1 l-eflo]^ ^^0]]^^ ^^^S§>^ 

21-^ 405nm2l 2^V 5l^^2|- 4^650nm2l ^2) i*)- s\^i%^ si^:^^ 780nm2l ^2] l^f sl^^s) 2]^ jLi:2| 

£.95^ 390nm ^ X B ^ 440nm-i- ^^5}fe 42: 4^ k B^- :^l-^6oll'^i a^^Sl-^ l-eflo)a ^^otl^i ^'^^Sffe 
405nm2l %s\ qt.} S|^^4 j^^S" 650nm2l %s\ 4^1- j^;^- 780nniSl ^s) 3SI- sl^^e] s.-^s] 

43: 4^<fl "fl^ 2]a>y# v+Ei-'di E^. 

£97€: 45 ^A) ^Efloll of^ ;H19 ^ ^"^ ^^11- 7llif^^S EA]^ £=3. 

OBJl. 8, 34 : cH# 

SI, S2 : 
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pui : ^^<a ^^1 

Dl, D2, D3 : % ^^3. 

LDl, L2, LD3, 11, 12 ,13 : eflol^l 

CL : 

Dri, Dr2, Dr3 : ^^M. 7]^^ 

6: 7l^f-^^iSl-:a.;g 
7 : 
9 : 

15, 17 : 

^ ^-a ^^^1, o] ^ ^-a °i-g-t ^ 5ab cfl-i- 7i:g- ^^11^1- ^i^f. -yj^sf a.^^ 7)^ ^^^n ^ 

^efls^ ^ cl>.3^ CD(1-^S £fe DVDC^^l^ ^o)* '^iiiH)^. ^s^^ ^J^^ -g-ev cg>jj. 

0)1- ^ cliHs) cfl^^^7)- o^cf. 

711 o] ^^S] ^± xlf.^ ^7.]S]. :g-o) A. /NA(^, \ ^^J-, NAfe ^^hTflS] 7ll^^)°ll «] ^ISj-JS. 

S, 31-711 Sl-7) ?13llAife. %^<^ ^SloflAi A>^S)fe ;^^o^ ^ ^«1-7fl61lAi i^- 7]^ ofl^o,) 

=1- 71-g-t^l ^^S] iEfBl-^il-«>ll cflSflA^fe 4^ 400nm ^^£3^ ^# ^^^^^l-fe ^>£^ o) 7i ^ SHG ^^}^ eflo) 

^121 ^^71- Jioln o^oj ^^S^7f 7V7R^^i:l-ji t ^ °1 ^i^l-^ Af^sf^ DVDJq- *^«]: NA 0. 

652] cfll- ^ai- Af^s^fe ^-f'^lS DVDSf 3)^ 12cm2) ^ c)-iHoll 15GB ^£2] ^£12] 7l^ol 7l-^«||:5l 

^. 

cfll- ^S2| Ji7ll^^^oll cflsflAi^ 27112] ^^1- 2^SH NA 0.8521 Ji7fl^^S^l- -^^t}^ cfll- ^^2] ^ 
^71- ^sjslJl Sicf. 1^:4^^ NA 0.8521 11711^^ a^Sfo^ Aj-g-sl-ca 12cin2l ^ cj^ 

3<H1 25GB ^£21 ;g:a.2l 7l^o) 7l-^«||;^ cHeV n-gE^l- ^^^^ ^ o;i4. 

Olfi). Hll;g5H]Ai H^i^O] SMlcH ^ t:l:iH(olsK ^ 'S^flA^ollA^^ " J7.g£ DVD" 5}JI ■¥-#Cl..)l. 713. 

7) ^l^^^<g Al^Ejoi] cfleV^^ 7ll^ol ^sjs^ji o^^cil, <^1 ^]^^^S.°iS. DVD ^ CD21- ^-8: -Ff^(7l 

^ °iS.)o] Cf^ 3'f'-fl-2l ^ t:li3l- ^B|E^•i■S^7^1 71^ 7flAj§ SU<Ho> tbcf. 
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n+e^-'^i, DVD ^ CD^I-sl ^5l'i£lB)7f A^slfe n'gs dVD-8- ^^<a ^li6j<^l^i ^ ^"^ a1>,6Jo| ^ 



(1) CD* ^ll^Ssf^ ^•f'HI ^S2l-CDfil-2l 7iel(3^^ TIE)) ^iL 



<^\^€r cfll- ?!2:Sl NAl- DVD(NA 0.6 ^^1 0.65)^^1- pj^ feoj o.^**! ^^flSl-Sl-fe sl-^lojcl-. H^E DVO-^l^i cfl 
1- 5a2:7f JlNA^Slfe- ^-foll il^ 7l^(^'^ 71^ ^-a- JiJ:#o]al-JI£ IV^) ^?fl7l- DVDSI- ^-8- 0.6mmol^ % ^ 
iH^l >.^(^A>ul. ^e^^)oll o]3ll t^JSlfe 20]- ^S]-7l- tH^IHS, 71^ O.Gmm^cf 3|-7fl ^ c]^ 

3.S] ifltol] cfltb ol-^* ^iit Slt^. JO.°AS^ DVD-8- JINA cfll- ^as., 2^2) ^^^^ cfl# 

^^71- B-7lj5glO- 123410J: ^:a.o|l 7]P^S\0] o^cf. 



aem, 2S'^^^2l till- ^sfe 71^31 15 ^Ajsi tfl^ ^2oii Hiafl ah-g- 7lel7l- g-<»W°s., CD* 7]^ m^y^ ^ 
TiSll- ^:a§l-7l <H^4. CD^ NA 0.45 ^fl^l 0.521-, DVOM- DVDo)l NA7|- ^7] trfl^ofl 

sy^], CDSf tfll- ^3S|-2l -l-l-oll l4# C|lolE-j2l 2)-^^ «cJ-^l5l-7l ^811^^^ CD* 71^. 7^^^^^ ^ "f ^Blf- 



CD(a.J: 7l^ 1.2tnm)2l- DVD(.a.J: 7]:^ 0.6mm)^ AS. 7]}^: ^^Hl 0.6mm2l ^l-ol7F 9X^. 4e^-Ai, -pf 
^o) ^ 3#-^2l ^ cl^iHofl Oil- ^2:1- c^l-g-SH 7]^ 7llA^^ ^«JS>fe- ^ Al>,6floii^ ajo^s CDSl" 

DVDfil AS. 7l^ Jf-?fl2l sl-olo|l irl-^ ^^\M. ii^^7] ^SV ^^1- ^^1^ liL7l- o^cl-. .^V^e), tfll- ^^21 ji 
NA^<H1 ttl-el- IL°iS. DVD21 .fij: 7143- ^7ll7l- 0.6mm.acl- ^o}^ ^-f ^.3: 7l^ ^^7} a^s. Sf'-^fi] ^ 
c)^H2l ii^-7l^ ^^^21 ^l-olofl iif^ A^t}7\ ^ItV ^^i^.^ ^^1^ ^ja.71. 



(3) 4^21 ^H'fl %^>aslfe^^^^V 



''J-^^ whel- 32 DVD°llAi^ il-aESl-l- ^A^s}7] ^sH 4^J- 400nm ^^£21 ^j;^>A^ ^l-§-*V4. ae] 

% ^^3.2] 7ls.,gAj.oii Tifii ^j^Sl-^ 5Joi e?is>cl-. ofal-A^, ji^^s DVD(4^J- 400n 

m)2l-, DVD(4^J- 650nm)ai-, CD(4^J 780nni)2l "^^^7] ^^^^ 4^2] 7.}o]di{ ^s^- J^^^^l-^ 
Ji:g5l-7l ^^c^ dl;^2] Jl-jVo] ^Asfcl-. 
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^13] f-;^^ 400nm ^£2) ^clrit^s) ^^^f-ai eilol;?^!- ^jgo.^ ol■g■§^fe• ^-foll till- ig!2:0|] 



3eiq-, eflojx-le] sf^ <g'^o] 400nm e«J-<^l^i^ SflS ^aVo] nH o. ^7.]b.^^ ^nmS] ^ 

si-oils cfli- ^22^ ^Av ^^)7i-^7fl "H^v+ci-. iti-ei-Ai, j2^£ DVD°ll><'i sflol^i* Af-g-g}^ 

^•fofl ^^o] £s <ao.7i^ till- ^ssi Aj^o) a?!) <i^£l<H ^v^^l 7iso)uf ^flA^i- ^sjt Si-i- 

^31 7f Sici-. 

^22] till- ^al- JlNA^sl-fe- ^^oll cH&i 7>:^1 ^°]o_s. olsfl ^aJs)-^ ::|i^>:.^).2^ 



^7] ^^-ir ^^It 1A71- 



l^^'Sr ^Sfil NASI 4'S'«H1 Hleflsj-s-s., jaNA ^J^f- 
^^■i: ^^oll oj-e]- t^jslfe ^^==^SM- i^s}7] ^ct^ ^^it ^^71- SX^. 

•& ^'^-a- ^o'-^s) zj- gfl^sl-o^ jiigs DVD, DVD, CD^I S^^a] ^ ^^3.3] ^5: ^^-i- ^-f a) cfll- 

i^is^ A>^sH ^ ^^isAi, CDS] ^h-i- 7^^^7^ f^^s) ^ ^^ii- ^fl-^si-fe ^j* 

H^E DVD. DVD, CDS] 3^.^2) cj^HS) %n ±7.}3\. ^-f ^fl^ a^^sH 

1- ^l^sVfe 5J# 
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iEtV, Jl^iS. DVD, DVD, CD2) S^^fi) ^ c^^HS] ^^S. -^-f fi] cfll- ^2:1- ^-^^sl-fe ^ ^ 

sisAi. DVDl- 7]^ ;<fl><8§Vfe- ^4^^ %^s] ^^6ii 7i?isffe ^s. 

^^1- f-fil ^S^ofl 7lOltH l-Sl-^^ €2:Ol)A^ %^AJJH]^ ^>a^^K ^'s^<^| 7lOl5}fe 

T^^T^^fl- i^-^^t Si-^S, DVD2) ^/SEfe ;<ll^-i: ^sJt Sdfe ^ ^"3 



St^. "^^^ ^ ^o'-^l^ll °l-g-t ^ cHl- 7l:& ^711^]- ^^^} ^ij}-, M. 

^7] ^>y3}7l ?l*V 4 ^■•isl ^A^oll 'flsl-o^ ^-^tVcf. 



sH ^12 iLS. 7]^ ^n{t2 ^ tl)# ^fe ;«)]2 ^ ^jJi 7)^ Dll^lol) ;gri2] ^/se- 7]^.^ ^sjsl-ttj^ 4^ x 3 
(X 2 < X 3)S1 ;»il3 ^€^S-?-6|fi1 ;(})3 7)^ ^^(t3 > t2)# ^l3 ^ ^^S. 7)^. nflsfl 

^j^2l Al)>a ^/5Efe 71^^ >^8j)5l.^ :^^<g cfll- ^as^i, Aj.7) nflf- ^2:^ ^o]s. ^^S] ^t^^^^^^] 

AVSI^ ^^<^1 "i^SV^ >^^7l ;H]3 5l^i ^V^l- n3, ^c^7l X 1 

S] ^#oil 3]^ >y-7l ;t{|l ^ ^il 7]^ ollSfloll 7]^.^ ^«J|5l-^ dlon lASV ^^7] t|)l- i^^Lfil 4;^2l °il 

# 7fl^^l- NAl, ^^7l 4^ X 22] ^^otl 2]S1] >y-7l ;0l2 ^ 7)^ u^^c;\] ^^a^ ^/^^ 71^1- ciloil ^ 

At!- ^2:21 ib^S] oi)^ 7li^^# NA2, 4'-7) Sl-^ X 32] o]3(| ;t,]3 ^ oll^ofl 



I nl I > I n2 I 
I nl I > I n3 I 



1- ^>#A1?1^ ^Aloll ^7] till- ^2,tr ^7] 4l % 7]^ all^)oll ;g^o^ ^^^^ 7]^^ ^^17] 

71 711^^ NAlMloflA^ oj:^*}. 4,30. ^Ajsl-ss ^V7l ;^li i^^o] nl^f Aj-7l X|l ;§liL 71^ nH^SflSl 

7]^^^M ^^t ^ ^o^7l ;H12 % 7]^ nfl^joll ;g^o] ^/5c^ 7]^^ ^*j3f7l i>M 7fl^^ 

NA2^o1lAi oj:^?!- ^Aj^ o^^s. AV7] ^^oj n2^V ^ch7l ;*il2 ^ 7l^ nfl^lo] 7]^ 

■a^Hl t Sill, ^7] ^ ^il 71^. nj^floll ;g^2l qj/^^ 71^^ ^Sj3l-7l ^Sj-cl >iJ-7l 7fl^^ NA 
3^o\]^ sl-^-i- ^AjSl-E^ -8.7] ^^s^ ^^^y s\^%-i: ^^7] 43 % 7]^ ofl^al 7]^^^^<H] ^ 



O] till- ^2:Oil trfH.^, ;,lll ^ 7l^ Dfl^ ^;^l ;^13 ^ 7)^ afl^lS^ 7]^. g ;,||A^oll ^l-g-El^ ^#2] S]^^ 
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1^71- ^^7] dV^A1?]£^ §1^^ ^21- ^i^M^S., 4l % 71^ 141^1 ;H13 ^ 7^1^ 7)^ a^^o] 7]^ ^ 

2]- ^#011 cflsH 421- Jl4* "S* =r 9X^. <^V-i-e1, o) S)^^ ^^2^ ^^oi] s]^ M]\ 

iflj^l ;«113 7]:& J^^^f' ^ojt 27flS] 4* S-J: 7)^ ^^S] %}o]d\] o^gfl aj-^^s]^ ::p.ig^sl.^ i^jtl-a 
S., ^ 71^ nljsll vfl;^) ;(1l3 ^ ;g£L 7l^~ nfl^fl fi^ol] 71^. ^.JJlfffTll ^ Sicf. a 

Sil ^Sl-5ffe ^^^Sf7l- Ji^^S] # 71^. pfl^ d];^] ;^13 ^ ;g_a. 7)^ n|)^ i^ol] ;g^2l 7]^ ;iDAj 

-^71 ^Sfe 4^ X B, ^^7) Sl^g SV^ nHl>^i ij^^Slfe cl-^ -Jl-^Al?!^ ^o] aj-^xlsl-c).. 

380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < \ 3 < 800nm 
340nnfi < \ B < 440nm 

I nl I =2 

I n2 I = 1 

I n3 I = 1 

350nm < \ B < 420nm 

St>, -8-71 ^Sfe-J^^X B. ^7) ^l-=^nl°il>^i ^^S}-sl^*Alofl cl-g-^^ o).2:Al7)fe ^o) ny^^^ti^_ 
380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < X 3 < BOOnm 
400nm < X B < 430nm 

I nl I =6 

I n2 I = 4 

I n3 I = 3 

405nm < X B < 425nin 
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2^}, 4^K 6^f, • • • 2^ ^S-^F ^'■T^CSl^d^ Tfl^eJ-nE e}.cf)oicf}^ 
PD = S(-2- nl- ba) 

0.5 X 10 -2 < PD < 5.0 X 10 -2 

ffilLK ^o^7l Cfll- 31-42] ^2.50.5. ^^jslfe Tio] n}^i\t}t^ o]d\] ttfe}-, ^ :^<a ^j-^Hl^l s.s| ;^l3 

7]^ oll^o)] C116V ^l-g. TlSlt ^^t] ^ Sicf. °1 ^-f -^^71 ^S2l >a-7l s^x^ X HlAi2l TIeI* 

fl(mm), f^a d(nim), ih?] cfll- 1^^:0)1 ^451^ >y-7l sj-^J)- \ I2l ^^21 7]^^ $ l(mm). ^7l 

^ 7]^ ofl^oll jisi ^flAiJ ^/^^ 71^^ ^m}^ ^^S] ^7] r)l# ^2:21 7lEl# fB3(mm)^ ^l" 
A] .3. nV^Al?lfe 51 o] al-^ 71 El c-1^ al-^alsl-cf. 

0.7 < d/fl < 1.5 
2.8 < $ 1 < 5.8 

fB3 > 0.2 

SEtl-. ^J7] ;H13 % 7l^ Dflfljoil ;ga.2l 711^1) ^/^^ 7]^^ ^^^fe ^-f. -^71 tfll- 5^2:21 afl^^ 
m3 < 0 

o) ^-f^ll "^-i- t>^Al7l^ 5J0I ul-^alsl-t:!.. 

- 0.25 < mS < - 0.05 

SE^. -S-?] >I12 % ^il 7l^ D]1^«>|1 ;8iL2l 7|1^ g/S^ 7|s.^ ^-f . '^•71 cfl* ^2.s\ JgAj. afl^^ m2S 

^ ^ -foil q-S- <i1 -i- t^^Al ?1 ^ 5J 01 ul-^al §l.c|.. 

m2 < 0 

- 0.20 < m2 < - 0.02 

'i^7l cHl- ^2:21 7|1^^ NAl, NA2fe. 
NAl > NA2 

» "J^^l^lfef-AHi, 
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42 % ^ii Dflsflfi] >y-7i 7)^^011^10^ aj-^^^i-?!- o.07 x 2^4 ^ aj-^o] 5)0) vi[^^t}t^_ 

^'r^]-?)- 0.20 \ 2^.4 ^ 1J- Ell <a 53 °1 sfcf. 

1^7) cn# ^^a) 711^^ NAl. NA2. NA3^. 
NA 1 > NA2 > NA3 

^1-7] cfll- ^251 Aj-7| AV^ NA3S-?-Ei NAHI nH-g-5:>^ -f 45]-& ^o'-7) Bl-^J- X 32) ^^'g- ^5^7) ;(il3 

% 71^ oD^lfil ^js^Aj.^;,) £^5)fe -^Ajoll >^V7] 4;^. ^ 36) ^7] -^l"^ 7^^^ NAlvfloflA^ 

^13 ^ ^i^L 7]^ nfl^jo) ;§ ti 7)^ 'S'a-ofl^lfi) 4^^^).7). 0.07 X 3.a.c)- ^ >^VE1)0] 530) uj-^a^t)-!:!.. 

SEtK ^'•71 4^J- X 32) ^o^7l 7l)^^ NAlifl«fl>^i ^7) 43 % 7]^ 47^3] ;^ ji 7)^ ^^^oflAis) 4^ 

0.02 X 3J5icl- e -y-Ell?] ^o) B).^a]5].i:f. 

NAl > NA2 

»^>^^)7)fe*^]oi], 

^^7) ci)# ^2.9] AJ.7) >jj.^ 7j^>. NA25.-?-Ei NAH] <S^ol] ojAfs)^ >g-7l s).;^- \ 22) ^^1- jtj-ia-Sl-o) 

>^>7l Cfll- ^2:2) >^1-7) -a-^ 711^^ NA2S.-?-El NAH] Cfl-i-gj-fe ^^ofl o]A).£)^ AJ.7I ;^ 32) ^^o) ^^7] 

^ 7]^ Dfl^o] 7)S.^AV;5,|.^] J£^£]^] s)-^ o) 7)-^?!: 7))^ 4^ ^r^-i: 5J0) H).^a| gj-C)-. 

at!-. 711^ -f-^-a- ^j-7) tfll- ^ss] Aj.7] ^v^ 7i)^>^ NA2S.^Ei naH i^fl-g-sffe- -g^ofl "D^fslfe 4^ 
X 12) ^g-^^ f-Alo|l Aj.7| ^^o] AI.7I 711^^ NA2S-¥-El NA1«>1) cH-g-s)-^ <g^^o|) ojAj-s)^ 

X 22) ^^1- ^l-cVs)-^ 4^ -attj^^l- ^O) Hl-^2)5l-Cf. 

at!-, -5^7) cJl-i- ^2.^, 
NAl > NA2 > NA3 

^n>#A)?)^^Alo||, 

-8-7) cfll- ^^2) Aj-71 AV^ NA3S-^Ei NAloll cH-i-sf^ 'S^<^)"^>^>S)fe- >8-7l 4^ K 3£l jg-^^ Sf^Sj-o) 

^o^7l cfll- ^^oj Aj.71 NA3S-?-Ei NAlolj tH-i-sV^ <^^ol] ojA^sl^ 7) 4^ X 32) 3g-^o) .J^7l 43 

% ^jil 71^ DB^lfi) ;giL 7]^^^v^'M E^s);^) i}^ jjo] 7f^tV 7)1^ ;*))e> 5}-^ u^^als)-::).. 

atb. ^'-7] 71)^ -^-7) m ^22) AJ.7) AV^ NA3S-^E^ NAlo)l cfl-S-effe <g^oll ojxfs)^ 4;^J- 

X IS) ^i:^ f-43Vfe f-Ajol] 4V7] cl]# ^22] >^7| Aj.^ 7fl^>. NA3S-^E1 NAlofl i:fl-§-5m 'S^'Hl "a^^fsjfe 4^J- 
X 32) ^^-i- *)-^s)-^ 4^ ^ # ^ °1 sj-cf . 

SE?!-, ^^7] 7)1^4" ;»llt!- ==r^€- ^^7) cfll- ^^2) ^tj-^^g-o)) ^a^^ 4;^ a]^ ^e^o] ^o] a).^3)5fc|-. 
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380nm < \ 1 < 420nm 
630nm < A. 2 < 670nm 
760nm < A. 3 < 800nm 
0.0mm ^ tl < 0.3mm 
0.5mm < t2 < 0.7mm 
1.0mm < t3 < 1.3mm 
0.99 > NAl > 0.70 
0.70 > NA2 ^ 0.55 
0.55 > NA3 ^ 0.40 



D* ^11 ^ 71S- Dll^loil ;gMo] ^fl^^ 7l^# 4^1- X 2(M < \ 2)9] ;^]2 ^€^5.-^ 

Elfil ol-g-sl-o] ;»l|2 7l# ^^11(t2 > tl)* 42 % 7]^ Dfl^o)] ;g^s] 7]^.^ 

s^^\3(\2 <K3)S] 43 %^^S.^B]si\ ol-g-31-o^ ;,113 ^s. 7]^ ^^(t3 > t2)* 

T^*Jt Sic]-. O] ^ ^^]*1- l-;<l|S]-«^ -g-^j ^-a-o. 7)^S].^ ^/5£^/.g.Aj ^/^^ 



S£*V, -g- ^^'^<H] nf^ 5E ct-i- cfll- ^Sfe sf^X 12] 4l ^^^S-^E-le] c]-§-3:H JiJl 7]^ ^^^(tl)l- 

5J-^ ;Hll ^ 7]^ Dll^oi] ;g^o^ ;,|]^^ ^/EE^ 7]^^ 1^si|5]-ol, 4^ A. 2(X 1 < A. 2)3] ;(i]2 

01-8-5H >I12 JM-JH ^?11(t2 S tl)* ^fe 42 ^ ^iL 7]^ dB^oH ^8^.3] 711^3 7]s^ =r«JS]-Il, 

\ 3(\ 2 < \ 3)3] 7113 ^^J^S-^-E-iS] ^t^^ °]-%rt}c^ 43 MJl 7l:a- ^7ll(t3 S t2)l- ?>fe 7fl3 ^ 7) 
^ Dfl^oll ^/£Efe 7l^^ ^SJjel-fe- ^ ^"^ ^J-^)-§- rfla- ^SS^i, A>7] nUl- ^^^^ ^^ef Aj.7) 

#^<§ ^2:3] <aA>^^0]] UR:*]^ ^^^^3] ^^2] ^cflS Ol^ol^ 2l^i ^Sl- ^Sl- 4l7>S ^^^^^ 

Cfll- 2)^ ^2011 ^^^71 Till ^^O.S-^E^S) 4^ X 13] Tfll %^0] ^^A}^^ ;g O-ofl ^^t}^ ^ 

7] 4\ ^#3] s\^i%^ slcfls] Sj^i^s] 2)^4 nl, 1>V7l s\^i ^^oj) AI.7] ;^]2 ^^l.^s^E^ 

n2, ^^7] 5]^ AJ.7I ;^i3 ig-^ o.^«.Elfi^ 5i).;g. x 32] 7fl3 ^^o] o^a}^^ ;g o.oj| ^v^^jg).^ ^7] ^ 

^3] ^^^^f- a^tflo] Sj^^t^l- 5}-^ 21^4^3] n3, ^^-71 X IS] ^^ol] o^gfl Aj.7) Jg- 7]^ 

°11^]<^] tH^I) 7lS^ n4 'i>'-7l i:fl# ^^2] :li;g2] 7fl^^l- NAl, -^-.7] X 23] ^ 

^'Hl fi]S|) ^7] 42 % ^£1 7]s. v^^6f^ y^AS ^/Hfe 7]s.^ cil<^] %.2.tV -J)"?] =!]# ^^2] 4.;^Js] 7)1 

NA2, ^^7] a)-^ X 32] ^^611 o]«|| Aj.71 ;^]3 ofl^ofl 7DAj 7]^^ ^]<fl 1.9.t!- 

^7] cfll- ^ss] >t;gs] 7ll^^l- NA3o]e]-il n)|. 
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I nl I > I n2 I 
I nl I > I n3 I 



^J^t =r i|-7l ;H13 % ^jii 7)^ ofl^jol) ;^jio^ °A/Sl^ 71^^- ^Sj5f7l ^sl-o^ ^^7) 711^=^ NA3 



o) mi- ^Soll tr^sig 41"^^^ 71^ tflj^l ;^13 % ;y 7)S- u|)^o] 7ls ^ ;,fl>go,] Af-g-H^^ :g-^o| g]^ 

>i)-7l tV#A]7]£^ ±;^\o^ ^^s. ^;g5l.^s, 41 ^ 7)^. tfl^) ;^|3 ^ 7]^ 

oflSflo] 7]S ^ ^iflAjoll Af^Slfe 2^ ^^ofl TflsH fe-g- Sl^i jLi-^ ^ oj^ti^, ol-^e-l, o] Sj^ ^SS) 2]-^ 

oil slsfl iiJ: 71:^ xfl;^l ;Hl3 ^.^ 71^^ ^v^^ ^o]s. 27l|el a^s. t^-^ 7]^ ^^e] ^H'^l sisfl ^AjS) 
^ ^"'3^^*1-71- ^^j£i ^ii % 7]^ 44 ifl^i 43 ^ 7]^ v^4 3.^4 ;gisi 7l^ £fe 7fl^S# ^cfJ:^!- 

T^«S^ Sl^. SE^, 2]^ T^SS] 4-§-oil SlSfl Sl-^ol Zl-Zl-S) %^O.S.^B]S\ %^o] till- ^2:Ol] oJa]- 

Sl^ «a ;i|lafi1 f->iWl nl-al- ^^^*V7V£L;8h]os. ;»1U ^ ^gJi 7l^ ol|^ ifl;^) ;fl3 ^ 7]^ 4^ SL 



nl-E 2)^ 41^1-^ cfli- ^2.011 oj-g-si^ si^ ^sj- di;^}SAi, ^j-71 si^i ^3^7} <g 

'^Hfe iE^x^o) 7jol^l^ «<}-«^ ^^H)fe ;§^o)] ^^^^1-71- t}-*cl=^s ^'S^^l- ^A^i- 

Sl^^ 4i;^Hl'^1fe.^7l ^2l7} K B. ^^7] ^2: nH^-l ^^:^s)^ Jg-Ajofl C^.^ i)^ nVa^Al 

?1^ 5J°1 "l-^^sfcl-. 
380nm < \ 1 < 420nin 
630nm < X 2 < 670nm 
760nm < \ 3 < SOOnm 
340nin < X B < 440nin 

I nl I =2 

I n2 I =1 

I n3 I = 1 

<^i ^ ^4 °^^^] n^^o] ^}^^ t}^. 
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350nm < \ B < 420nni 

1 

380nm < \ 1 < 420nm 
630nin < X 2 < 670nm 
760nm < \ 3 < SOOnm 
400nm < \ B < 430nm 

I nl I =6 

I n2 I =4 

I n3 I = 3 

^ -foil 4-S- ^ # t^^^l n^^<^\ 

405nin < A. B < 425nm 

<l>b= nl- (bz • + b4 • + be • + • • • ) 

«>!] s]«fl;gs] 5) fe^SSVt^si4Etq] fe;§^oii (c^ 7)011 Ai,hfe^^A^Jf Eifi] ^o) b 2, b4,b6,- • • 
zl-z]- 2SK 4*1-, 6*K • - - 2) ^S.*K%^1^ ^]=r(^^^ >fl^el-li£ 

PD = 2 (-2- nl- bz) 

ofl 2)«|) ;§slHlfe sl^g ^2:°V3) B^ijiKnim-' )7\ ^V^^l^lfe ^o] 

0.5 X 10 -2 < PD < 5.0 X 10 -2 

^c!-7l Sl^ sg^'S-oi) ^>as|fe 5Jol 4^^51-1^. Hfe, -^^7) 2)^ al^^^o]] ^AjS)fe. ^jo) MV^a] 

ath ^7l A&s. ^'yslfe 5Jol Hl-^alsl-4. 

-S-t-?! tfl§ ^2:0)1 5a<H'^1, ^7] i;^l-fe ^^iS^- -ysfls. EHfl?J ^-f-slfe ^o] uV^aisi. 

4. °1 ^-f^l ^1-71 2l^4 i;^i-si- 21-21- t^^l^i^* 7l-;^H, 2l-4fil ^^X]^ 

7)- ?h^Slol >^>7) 2]^ i^7\^ ^>7l iaS7f <y^^Slfe- 7^0] yf^^ls)-!^. 

^71 CHI- iS^fil -Sh^ 7B^^ NAl, NA2^. 

NAl > NA2 
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^12 ^ ^jri 71^ ol|>i)2l 7l^^>^HlAi2l s!^^ 0.07 X 2^"^ ^ ^^VEfloj 5)0) Hf^ajsfcf. 

ffilK '^■71 \ 221 ^^o] A^V7) 711^^ NAlifl<^I'<>i ^1-71 ;*I12 % 7]^ oll^al ^M. 7l^^'S-ol1'^l2l sl-^ 
^^t-71- 0.20 A. 2ii4 ^ 'S-Eflt! 5J«>1 «h^3isi.cl.. 

HtV -S-?! tfl-i- ^321 Aj.^ 7]]^=^ NAl, NA2. NA3^, 
NAl > NA2 > NA3 

^7] Cfll- ^2:21 >i^7l 7)]^^ NAS^-^-El NAH] cfl-g-Sl-fe- -f^Sfe -^-71 4^ X 321 A^7) ;^)3 

^ 71^ ufl^fil ^S. 7l^^>S-^'M £^S|fe >^7l 4^ \ 321 ^^o] ^7] Aj.^ 711^^ NAl^ofl'^i -^-71 

;^3 % ^Ji 7l^ oii^fii 71^ ^:a^>8-<H1'^i2l 4^^*>7l- o.07 \ SJicl- e -S-eiI?! ^J^l til-^al*l-c1-. 

H*, ^71 4^ X 321 %^o] ^^7] 7)]^^ NAl>fl<^l'^i -^-7) ;^l3 ^ 7^ °Il^l2l ^ja. 7ls..g>y-oiiA^ 2I 
"r*!-?!- 0.20 X 3114 # >a-«||oi ^01 wj-^aisl-cl.. 

NAl > NA2 

-^•71 Cfll- ^aSl >a-7l ^o^^ 7)1^^ NA2S-^Ei NA2°)1 tfl-g-5>fe Aj-7] ^;^|o^ <^^o,] •yA>£)^ ^V7] a].;^. X 

221 SV^arSl-ol >^7l ^2:21 >^>7l Aj-^ 711^^ NA2S-^E-1 NAHl tfl-g-sf^ -^7) S]^ ^«|- rt.;^)-s1 <ao^ol| 

<y^]-s1^ ^c)-7l 4^ X 221 ^^o) ^V7l ^2 % 7]^ DflAflsl ;§iL 7ls.^>S-7W Etsl^l ^S,^■ ^ ^ 71]^ 

o) ^■f<fl '5^7l 711^ -^^la-^ -S)-?) tll# ^2.31 -S-71 711^^ NA2S-?-El NAH cfl-g-*>^ '5|-7l Sl^ %^ i 
;^>S1 <^^oll <aA>s1fe 4;a-x lel ■§•4^171^ -g-^Hl ^^7] nfll- ^2:4 ^V7l 7l|^^ NA2S.^^ NA1°)1 

cH-§-5}fe Aj.71 ^t). 4,;5^o^ (g^oi) "yAi-sj^ 4^^x 24 ^V'Ssl-fe 4^ -Jd^^^M ^^^^}^. 

^71 

NAl > NA2 > NA3 
* t>^Al7lfe^AH, 

-8-71 i:H# ^2:4 ^7] 711^^ NA3S.-¥-E-l NAH ^7l S)^ ^44 <a^oii <yAl.s)^ >g.7i 4:a- X 

34 Sl-^5l-<^ '^•71 c)]l- ^2:4 -^-71 -^1-^ 711^=^ NA3S.^E1 NAHl cfl-g-g}^ -^V7i g]^ ^^.yo^^ (^^6\] 

^7l 4^J- X 34 ^^ol -^-71 P^]3 ^ 7l^ D|1^4 7]^^^.^^}^] 3Et44 1- Sic- 7ll^ 

°] ^-f oil ^^71 711^ ;Ht*V Aj7i dll- ^24 ^^7l 7i)j^>. NA3S.-f-El NAH) cfl-g-*!-^ >^V7l S)^ i 

44 "^H^^ 4^x 14 ^^1- ^4^14^ -i-Aioi] A>7i ^^4 -^"4 ^o'-^ 7)]^^ na3^^e-i naHI 
^4 4^ 4i44 '84<fl 'a>^}4fe- 4^ x 34 4^ ^l^^a-i- ^o] 
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^mo^ ^^^c.^ 53^1 

m), ^o^7l ^^i^ ^^9] ^A] ^^^l#d(mm), oj^^^l^ aI-^] 4;g-x IS] ^^o^ xl#^<D i(mm), 

^ ^i: ^"i- 'S^^l^l^ 7io] n}^^t}t^, 
0.7 < d/fl < 1.5 
2.8 < O 1 < 5.8 
fB3 > 0.2 

^J-7l ;Hl3 % 7]^ nil^)cil ;g:^o^ 7)1^^ ^/^^ 7]^^ ^-f , ^>7] tfll- ^32] l^g-tifl^^ m3^^ 

m3 < 0 

^^^^171^ ^o] 

- 0.25 < m3 < - 0.05 

1J-71 ;H12 ^ 7]^ oj^loll ;g:^o] ;^flAj ^j/^c- 7]^^ ^^^}^ ^-f, ^7] tfll- m2^ 
m2 < 0 

-0.20 < m2 < -0.02 

^o^#^ ^1- ^>^Al7l^ 5J^1 yf^^^fcf. 

380nin < X 1 < 420nm 
630nm < \ 2 < 670nm 
760nm < \ 3 < SOOnm 
0.0mm ^ tl < 0.3mm 
0.5mm < t2 < 0,7mm 
1.0mm < t3 < 1.3mm 
0.99 > NAl > 0.70 
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0.70 > NA2 > 0.55 
0.55 > NA3 S 0.40 



1)1- ^11 ^ ^ja. 71^ 01)^)0)1 ;g:a.2l 7ll>3! 7l^^ 4^*j5H. sl-^ \ 2(X 1 < A. 2)2] ;dl2 ^^.2.5.^ 

E-jo^ f)-§-5H ^12 71^ ^^^(t2 > tl)l- ^]2 ^ ^ii Dfljifloil ;^^;a.2l ^fl^^ ^/SE^ 

^sjsfjl. X 3(X 2 < \ 3)2) ^13 ^^lAS-^Eia) c,]j^^c^ iLS. 7]^ ^^(t3 > t2)l- 3^^ 

>I13 % 7]^ v^n^H ^S.s] ^/SE^ 7]^-ir ^*J5}^ ^^]S., ^^^^ cm- ^2:1- ^alS^fe s.;|j o. 
S eVcf. tt)-efA^. ^g-e} ol.g- j8:-|-s. af^^s) s cf ^ ^ ijL 7] s. Dfl^floil 7!^. ^/^^ ;<]]Aj^ ^sj^ 



•& ^1<=11 nl-* £E ci-.= cfli- ^sfe 3].;g-x is] Tfli ^^o.s.«.e^2^ o)-8-sH ^11 a.J: 7)^ ^^(tl)* 

^ll ^ 71^ Dfl^oll ^/^^ 7]^^ s^^^ X 2(X 1 < \ 2)9) ;H)2 ^^-^.S^f-Ei 2) 

ol-i-sH >H12 .a.:^ 7l:& ^7|l(t2 ^ tl)l- g-fe- ;*il2 ^ 7]^ Dll^)o|) ;g^2) 7)1^^ ^/SE^ 7]^-^: ^sjSl-Jl, 
i^^J- \ 3(\ 2 < \ 3)2] ;tl|3 ^€-^S.-¥-E]3] °]^^°^ m AS. 7]^ ^7i)(t3 > tZ)* 43 % 7) 

^ °tl^o|1 ^^jael 711^5 ^/£E^ 7]s.^ =T^«Jsf^ ^ ^j-^]-§- rfll- ^SS, ^ ^^1^ >S-7l ;tfll 7]^ 
^^11 M)^l ;«fl3 ii^ 7)^ ^^12) Sl-olofl 7I015H €^5}^ ^^^^M- .a^jS>7l 7l:a- ^^fl ^l-o] ^t^^ 7} 
^]^, ^o^7l \ IS) ^^o)l 2)Sil ^o^7l 7]^ oflsDoi] 7))Aj 7l^# ^Sjt^^ tfloll ^^6}. ^7) cfl 

1- ^ie] 4.^2) 7ll^4* NAl, ^ 7)^ o||^6i| ;g:as] 7|)Ajj ^/^fe 7)^.|. ^tgs^fe- ;gJ?-a] >«■ 

7] ^2:2] ^Aj-H)).!-^ ;g ^V7l cfll- ^^7] X 1, ^1-71 ^S. 7)^ tl, -^-7] ^ 

# 7)1^^ NAl, 'S-71 ^i-a-Hfii- ml2l 2:^* -f-Si) ^^^^}7} ^±7} S)£^ ^l^jSj-^ ?l# ^^S^S. ^t^.' 



o] 0)1- ^5:0)1 icl-s^, ^ ^^>i 7]^ Dl)^)o|l o].§.slfe 7f^J- fj"^ nfleV ^'a==r^V7f sli7V S]fe f-A] 

^7) Cfll- ^Sfe ^2:?] 53<^1 «>^3)5l-Il, SEtV -^-7) tll# §].U).21 ^S^O.^. ^AjS]fe ^ o] Uj-^ZlS). 

^-fofl ^7) Cflf- ^2:21 AJ.7) s].;^.;^ iol]Ai2] 2,^ 7iE)l- fl(mm), ^4) d(mm), ^7) tfll- ^^61] OJA} 

Slfe- ^7] 4^ \ IS) ^^S] xll-^ O l(mm). 'i^7] ;H13 ^ ^S. 7)s. b1|^6(| ;gjifi] ;,11a3 7l^# ^sjsf^ 

-ih?) clll- ia2:2] 7lH]S fB3(min)-^S. nfl, c]-# ^^a]?]^ ^o] Sj-c)-. 

0.7 < d/fl < 1.5 

2.8 < <D 1 < 5.8 

ffi3 > 0.2 

£t> '^•71 cfll- 5^2:2] NAl, NA2fe, 

NAl > NA2 
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^ch^l 7fl^ ^1-71 c})!- ^as) AV71 ^i-^ 71)^^ NA2S.^E-1 naHI cfl^sl-b <^^<H1 tWslfe sl-^j- 

^ \ 23) -id^^^^ ^o] aV^alSj-c]-. 

'^•71 ^Z:2] -g-^ 7)1^^ NAl, NA2, NAS'Sr, 
NAl > NA2 > NA3 

-^71 Cfll- ^2:2) ^V7) AJ.^ 71]^=^ NA3S-?-Ei NAHI tfl-§-5>fe 'S'^oll AJ.7) ^ 30] ^^o] ^7) ;tll3 

^ 7l^ 011S1121 ;§ii 7)^^>S-7H S.'asl;^) ^s^^ jfl^ t^'S^ ^fe- ^o] ul-^^^fc).. 

^7) 7fl^ 4^ T"^^ -^7] Clj-i- ^a2l ^7] '^o'-'^ 7)1^^ NA3S-?-Ei NAHI ^«o)l OJ/^sl^ 

\ 12] f-AH ^71 clll- ^S2l Aj.7) 7fl^>. NA3^-¥-E-| NAHI <:H^5l-fe °d^fs)fe 4 

SIlK 711^ ^^-a- "fl* €2:2) ^S)-^A^>oi) s[^^^^ ^E-)o] ^o) u)-^3)5|.i:).. 

-^^^l till- €2:fe- -fel-^iej 7]]g.S ^^^5)7)1-)- -B-21 ^'ySlfe Hl-^2)«l.t)-. 

c)]!- sasfe n)-^ °}-^Alf)^ ^o] HVt3)5)-i:f. 
380nm < \ I < 420nm 
630nm < \ 2 < 670nin 
760nm < X 3 < 800nm 
O.Omm ^ tl < O.Smm 
0.5mm < t2 < 0.7mm 
l.Omm < t3 < 1.3mm 
0.99 > NAl S; 0.70 
0.70 > NA2 > 0.55 
0.55 > NA3 2: 0.40 

"i"^"!) £ 4^ ^ ^J-^]fe \ 12) ;H)1 ^^^^-^-E-js) ^^-i- o]^^o^ p^i 7)^ f-?fl(t 
1)» 7)^ u^^6^] ;.j^2) 7DA^ ^/5Efe 7l^# ^sJSM, 4^J- X 2(\ 1 < \ 2)2) ;H)2 ^^J^-S-f- 

s]3] o]-%-t}c^ 42 ^Si 7]% ^n{t2 > tl)* ^fe ;^12 ^ ^8:^. 7l^ ofl^joi) ;g:a.2) 7)1^5 S/SE^ 7)^1- 
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^^t}Jl, 4^ \ 3(\ 3 < \ 2)21 ^13 %^^S.it-^]9] o]j%.i}c^ ^SL 7]^ ^^^(t3 > t2)l- 

;y Vc^^A^ ^^ Till ^ Dfl^ofl ?l-^5l7ll ^:a.s; 7]^ ^8Jt SE*V, o] ^ 



^ ^iL 71^ Dfl^oll ;ga.2l Tll>« 71^.^ ^^sH, 4^ X 2(X 1 < X 2)2] ;»ll2 ^€^S-¥-El2l xfl 

2 ^12 fiJ: 7)# ^Ml(t2 > tl)l- ^fe m % 7)^ cfl^oll ^/5c-. 71^^ ^sjg). 

SI, Bl-^J- X 3(X 2 < X 3)21 ^13 ^€^^-¥-£12) ;Hl3 "^l-g-^H ^l3 iL^ 7)^ ^?11(t3 > t2)l- ;Hl3 % 

7l^ Dll^oll :^^S\ ^/gc- 7]S.^ £^ ^1-71 ^11 ^ 7]^ Dfl^l t1]^l ^V7) ;^]3 7]^ 

°11^]<>11 ^jii2] 7)1^5 ^/S^ 71S.OI) ^f-o) cfll- 0)^5}^ ^ s)<g ^;,|.o) 

"a^> -i-'a(^ffl)^- e«j-A5.-¥-E-l 521^^ ^31) ^A^Hj^ ;<ill cg^_ %^ m <S^2) -g:nfl^2l 

371121 "g"^ 0.5. ^tsfe :^4-°ll ^^611 <yA>Sl^ ^^O) f-il-S^fe Aj.71 4.;^).o] zl-zl- 

■^^l] ^d^sl^ ^'•71 ;»ill ifl^l ;tfl3 ^^-a- zl-4 -^-71 ;Hll ifl^l ;»ll3 ^ 7]^ oI|^2l 2^ 71^^aJ-611 <y:^frV 
^-asl-S.^ ^J^slJl, SEI^- ^^^71 ;H12 ^g^ofl ^a^^l-slfe -^■7] ;Oli ^ ;t)l2 ^7) ;Hll ^ ^l2 ^ ^ 

£L 71^ ni|a]l2l zi- 7l^^>a-<>ll '^cfjseb 3^^^ ^'ys>£^ ^7] 42 'S^oll <a^]-sl^ -^-71 ;«113 ^ 

^o'-7] ^(1)3 ^ ^jli 71^. Dii^sl ;gTi 7l^'a>a-°il -y:^*!- 4^1- ^^dsl-^l ^Ji. ££?!• ^j-7l 43 %^ <^«oi| ojAfsi 

^ ^^7l ;t11l ^^7\ 4l % 7]^ Dfl^lo^ 7l^ia^oHl ^^^^l-^^ ^^5l°1, ^o^7l 43 ^ 

n <g^6i) <aAVs)fe >a-7l ;»)12 51 ^13 -^-71 ;«fl2 ^ 3 ^ 7]^ Dft^al 4 7]^'a^i-oil -^f^tb 4^ 



01 ih;^HI 37l|2l <a?^^ 3f'-e-2l A^S 4^ ^ 71^ o||j(fl6|| ;g:a2l 71^. 5l/5Efe 



£E^>, ■& ^^'^•^1 t\% 4^X 121 ;«lll ^^o.s.-^E-l2l ;*)ll ^l^SH ^ll 7\% ^if\[^ 

tl)* % 71^ nj^loll ;gi2l 7flA!j ^/s^ 7)s.^ =1^6j*fDl. X 2(X 1 < X 2)2l ;.112 

•¥-El2i ;ni2 <^W\^ 42 ^S. 7\^ ^^l(t2 > tl)* ;^12 ^ 7l^ ujsiio)] ;gii2l ^fl^j 5>/£Efe 7l^ 
^ ^»Ss>ji, Bl-^^ X 3(X 2 < X 3)21 ;f1l3 ^^^.s^eisl 4z oj-g-SH ^3 ilit 7)^ ^;70(t3 t2)# 

^ ^13 ^ ^^Ji 71^ ufl^oll ;x^:a2l 71^ 7l|A3# ^«35H. E?F -^-71 ^dll ^ ^ja. 7)3- Dl]^ xfl;,] ^1-7) ;^l3 ^ 

7]^ Dfl^ofl cfl*^ ^/^^ 71^611 ^^al cll# ^2:1- ol-g-S}-^ ^ ^ <g ^^l-g- il^S, Aj-7l % 

^ i^fil ^^-i- ei}-J5.S.-¥-E^ «21## ^Sfl ^Aicfls Till 7ll2 <S^, ;tll3 <8^2l ^dl 

^21 371121 ^tsFfe ^^°11 ^'■71 A <^^°11 <a^>Slfe ^^01 f-SfSl-fe A^7l ^;,^2) <g^^ 

e«cJ--^S.-¥-E-l 21^# ^A^cflS. Till <g«, 7il2 "S"^, >113 <^^AS nfl, Aj-7) ^ 
^ '^^ofl «a>^l-^fe- -^71 4\ 141:^1 7113 ^^^r zl-z}- Aj-7i xflj^) ;^]3 ^ ^jji 7)^. uD^o^ zj- 7j_^ 7l^^Aj.o)l OJ:^ 
6-V jq.^^ ^Aj5l-£^ ^^5)3, 7112 ^«t- <g«t>ll <aA}sl^ Aj.7) ^ ^2 44 'S-7) ;«lll ?J :»I|2 

^ 71^ °B^2l Zl- 7l^^Aj.611 ^■^^ ^d^Sl-^. Aj-71 7112 <^<«oll <yA>S]^ ^^7\ 4 

3 ^^-8: *msl<>l -^71 7113 ^ 71^ nll7ll2l 7l^^oll ^^^7\ ^J2, SE*V >i!-7l 7ll3 ^^<H1 "y^Slfe- 

-8-71 Till ^71 Till ^ 71S. Dii^si 7l^^'S-«>(| -jfj:^ a)-^^ ^^y^l-jEs. ;g:g-E)ci, >y-7i Tfls ^«1- 
•^•^oi] -yAfslfe. AJ.71 ;^i2 Aj.7) ^2 ^ 7m °B^2l 7m^Aj.oii oj^^v 413-1- ^AjsV^I ^AHl 

^71 7113 <S^«>)1 "g^^fSlfe '51-71 7113 ^mSlol -^-7] 7113 ^ 7\^ xi^4^ T^-^ 7i^^'S-<^l £^£1^1 ^ 



°1 4i4°ll irl-s.^, 371121 <^^^ 5}-^ 3^-^21 A^s- cf# ^ 7]^ o|)7lloi] ;^ji2l 7]^ TflA^^ 
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^JB. 7i^^^>oii £^£1^1 t ^ safe 5J-fe ^ ^-a <^i-8-5ife 5J°i «i-^2)5Vcf. 



SE*!-, ^ ^^'go)) irl-# £ cf# ^Sl- 4i;^l-fe- 34-^ \ IS) Till ^^o.^-^Eiai oj-g-tM ^1 7]^ 

tl)» ^^ii 71^ Dfl^lo]) ;g^o| ^flAij 7]^^ ^«JSH, ^"9- X 2(X 1 < \ 2)21 ;tll2 

■f-E-isl ;(]12 ^^-i: ol-g-5ho^ :*)12 ILS. 7)^ f-^^(t2 > tl)* ?J-fe ;»l]2 ^ ^jii 7]^ u^^d\] :^^^2] ^fl^^ S/S£fe 7)^ 
-t 'T^n^, \ 3(\ 2 < X 3)3) >1|3 ^-a^S-^-E^s) 43 oj-g-sH ^3 ^S. 7]^ ^^{t3 > t2)l- ?> 

;<fl3 ^ ^^M. 7m oll^oll ;g^o] ^/pn^ 7]^^ ^Sjsl-Il, 5Et> ^J-71 % 7\^ nl)^) ufl;^! AV7I ^l3 ^ 

^^li 7]^ oe^ol] cflSV tiS^ ^/iE^ 7)s.ol| ^Jfo^ cfl^ ^^f- o]^t}^ ^ ^ <g ^^]^ ±7.}^^ ^^7] ^ 

n ^7\s\ o^A\ f-ig^ e«<}-^5.-?-Ei s)^# ^^tii[s. 4l <^^, ^12 ;«fl3 <S"^2] :g-cfl 

^2) 37fls) ^s-s)-fe ;§^oii ^>7i 4 <g«oii ojAVsjfe ^^o) f.3).5i.fe ^7] i;^}s) <g^-g- 

n <g^oil <yAl.E]^ vfl^l ;H)3 z|.z). ^V7l vfl^l ;Hl3 % ^S. 7l^ qH^SI Zl" 7l^^Aj.oil ojij^ 

I?- sl-^# ^l^sl:il, SBt> -^-7) m %n '9^<H1 "a^^l-slfe- -^7] m 5 >I12 ^^-e- 44 -^^7) ;»fll ^ ;»I12 

^ 71S. v^n]o^ Zj- ^jii 7lS.^^Joll of^eV ^^^Sl-JE^ ^J^£lnl_ A^V7l ^l2 %n <^^oll <y4Hl^ AJ.7I 

3 ^^-a- ^}^S\o] Aj-71 ^ 7)^ oD^fil 7)^^011 StSl^l ^Jl, SE^V AJ.7) ;^)3 <g^oi] <aA>£l^ 

^7l ;»lli >S-7l ;»lli ^ ^M. 7]^ ofl^o) 7l^^>^oll '='^S.^ ^^^sJ-S^ ^]^s)°l, 'iJ-71 ;Hl3 %n 

<S^o|l ^g^isl^ i]-7l ^12 %^ ^ ^13 £f- *)-icJ-sl<H z)-2)- ^7) ;^12 ^ ;<ll3 ^ ^S. 7)^ nflafls) 7)Sig 

'^^ol) S'as)^) ^fe 5i# -^^ eve)-. 



o] %n ^7.\d{] tc^sig 37fls) <^«^ 5}.^ 3*^2) A^s. nl-# ^ 7)^ nH^ofl ;giL2] 7)^ ^/^c^ ;(||^^ 
^«JIShfe ^ ^^1<H1 ^i-g-t ^ Sife ^«1- 4i4» >Hl^t ^ Sic).. 

^o*-*^ 4i^fe ^1-71 ;^ii2 ^ ^13 "d-n -y^sife ^o'-7i ^113 ^msio^ ^o'-7i ;«fl3 ^ ^^s. 7]^ un^s) 

7l^c5oii ttsl^l 5>fe ^^Hl ^J-71 ;^13 '§^<^] <yAf£lfe ^c)-7l ;H12 Sl-ia5f<^ -^,^71 ;«ll2 ^ 

ji 7)^ DflSlls) 7)s.^oii tig-sl^l S^S.^ t ^ ^fe ^^-ir ^ ^^Hl °l-§-slfe 9iol n}^ 

°r^-f°i] -^i-?) jg-^ ^f^a- ■^'a-'a- ^7) ^tl- ±.7\S] ^-^^^ -id^ ^e^oi 51 o) lal-^alsl-i:).. 

^7) %n ^7] iffls?! ^o] vi[^^t}t:y. 

-8-7) ±7^^ ^7] tll# ^asl «aA>^^6i) HplSl^ 7^0] w>^a)5)-i:)-. 
at!-, •*^7l ^7] Cfll- ^2:2). <a^S. EE))?J ^f-S]^ y3\^^t\t^_ 



£t>. -3-71 ;<lll ol-§-§H '^c)-7l ;«lll ^ 7l^ nfl^oll ;gio^ ^flAlj ^/^^ 7]^^ ^sj^ nflSl AI.7) cfll- ^ 

2:2) 41^2) 711^^1- NAl, 41-7I ;»)12 01-8-5H "^7] 42 % 71^. Dll^Hi "S^^ ?J/Sfe 7]^ 

# ^«Jt °fl2l '5)-7) cfll- 5^2:31 4i^3) 7l)^^l- NA2(NA2 < NAl), 'S-71 43 ^l-g-^H ^7) >ll3 

^ ^jfi 7]^ oflsfloil ;^^liSl 7l)A!) ^/H^ 71-^^ trflS) >a-7l tn# ^2:2) i^gS) >a-# 7fl^^# NA3ol2)-Jl t 

, cl-S- i) # °i^Al ?1 5i -^l w|-^2l sl-c)-. 



NA2 = N2- SINe2 
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NA3 = N3- SIN0 3 
^, 

SING 2 : ^^7] M]2 ^^7] ;Hl2 "^^2] ^^^^ ^^t}^ %^s] ^7] cflf- ^2, ^^^^S.^B]S] 

7]^±S. e 2(deg)2] ^cfl^l^l ^j^(IEK) 

SINeS : ^^7l ;«1l3 ^^f- ^^7l>ll ^^^l" -fsl-sffe ^^2^ -S"?] cfll- igZ: al^-g o.s.-?-Els] 

7l^o.s. t^xl-zt e 3(deg)2] ^^i^l^lfil 

N2 : -^^71 cfll- 5^2:31 ^J-^ -S^Vfil >S-7l \ 2oll>^isl #^1- 

N3 : '^>7l cfll- ^ss] ^:[}o] ^Vy] 4;^- x 3<Hl^iel ^^^^ 

o) ^-f")! ^o'-7l ifl^^l ;Hl3 ^S}- •g^f' ^ol£ 5)-M-sl ^tj- <g^ollfe ^tds. o]^o]:^ 
7l-^^^slfe5l°l 

%^ a|ci)e1 s\^i%^^ s)^4^sl 7.}^^ nil, <=m<i\] 4i-7l Sl^ ^^o)] ^^.7] ;^i2 

»1 ^-fofl *>8Sl-fe >i^7l ;«j|2 ^^21 Sl^d^f' aims] ?}-^ s\^i ^y^^ ni2^ji 

I ml I > I nl2 I Ca, 1^ 1 £^ 2 5Efe 3) 

^^o] ojAfs]^ ;g4.6|l ^>asi|-fe >sf7l 42 ^^Sl Sl^^f- alcflsl ^^^^^ 2]^ Sf^l- ni3olel-Jl 

58-1- ID, ^01 «1.^3lg^t:1.. 

I nil I > I nl3 I Ca, Ife 1 £fe 2 SEfe 3) 



I n31 I > I n21 I 

°i ^-fofl -^-71 42 %n ^^7] >a-7i si^ ^i-^ 02121- s^^^ k B2°ii^i ai^^sijn, ^> 

7l ;H]3^«l-<S^°il ^^^^-^7] S1^^2:fe^>7l *)-^n312l- 4^A.B3<^l'<-i ^^^s]oj i:^.^ Aj ^ o>3:a1 7] 
5)0] a}^3)sH:q.. 

\ B2 * \ B3 

380nm < \ 1 < 420nm 
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630nm < A. 2 < 670nm 
760nm < A. 3 < 800nm 



^(tl)» 5>fe ^11 ^ 7)^ nfl^oll 7fl^5 7]^^ ^^5H, 4^J-X 2(X 1 < X 2)S1 ;«1|2 

S-f-Eisl M\2 <=]-%rt\o^ m ^Si 7)^ ^^l(t2 > tl)l- $>fe ;«fl2 % ^^iL 7]^ Dll^61) ;.j;a.e] 711^3 ^/SEfe 

7)^# 4^X 3(X 2 < X3)el ;H13 ^^^S-^-E^s] ;^13 oj-g-sH ^l3 7|^f-^^(t3 > 

t2)# ;H]3 ^ 7]^ v^^d\] ^^tLS] ^/SE^ 7]^# ^«3Sl-i2, ^ % ;g £1 7]^ oll^ ifl;^) >i)- 



% ^jfi 7]^ DllTflol] 7^:io] ^/EE^ =^^«j5}o], 4^ X 2(X 1 < X 2)2] 71)2 ^^^S^E^S] o] 

-8-s]-«H ^12 ILS. 7]^ ^^^l(t2 ^ tl)l- ^fe 7l]2 ^ ^li 7]^ nfl^ol] ^^iio] p^i]^^ ^/^^ ^^JSJ-JI, nF^J- X 

3(X 2 < X 3)2) 43 %^o_s.^B]3\ o]^^d\ ^2 7]:& ^7|l(t3 > t2)l- m % ^jJi 7]^ oH^] 

oil ^^2] 7)1^5 7]^^ ^ ^J-*lS, -^•7) ^ ^S-^l^ ^ 7]^ o||^ gi;^) Aj.71 

m % ^^a. 7]S. Dll^ol] cfltb ^^212] 7l^o)] ^-f 2] ^^l- ol-g-3>Jl, ^1-7] ^ ^ <g ^J-^)^ ^^V?) Tfll 

3: 7]^ ^711 7])3 7l4& f-^^2] ^).o|o|| 7lo]sH ^^5)-^ ^cg^^i-s. ^p^^i\7] -^^-7] Tfli ifl;:^] 

7113 ^^^S^E^S] 2t ^^O) £^ -f 2^5ffe -^^2] ^Sf-ol] mM 7)^ ^Tll Sl-O] >i^7] 7]^ 

^^1 J^.^^ ^ij^^ ^'y^^2] a-^o] ^cJlS oj^o]^ ^^1- 5).^ 4,^).^, ^J-7] S]^^ ^^6\] ^^7] 

Till ^^lAS.-¥-E-l2l \ 12) ^^o) ojAj-S]^ ^ -f o]] ^V^gg}^ AJ-7I ^^o| 2)^^^^ a|c)joj a];^;^-^^ 

S|^^2] nl, >8-7l S]^ ^3^0^ >5J-7] ;t(|2 ^^^S-¥-Ei2l 4^ x 22] 7l|2 ^^o] <yAl.s)^ ;g^o)] ^ 

^j5>fe ^>7l 7fl2 ^^2] Sl^d^g-f' 2]CH3] S)^^^# 5)^4^2] S)^^ SV=M- n2, ^^7] S\^i =?-^d\] ^^7] 7fl3 ^^i 

^S-¥-El2] a)-;^- X 32) »]3 %^o] oj/^s)^ ;§^6ii ^A^s].^ ^7) 7]13 ^^2] 2)^^^ sjcfls] Sl^^%=# ^fe 2];i 
^2] SV^l- nSefJl ^1- na. 



I nl I > I n2 I 

at!-, 

I nl I > I n3 I 



■i- t>^^1?lfe- ^Alol) Aj.7] J, joj ^^611 S]8|) >^7) ^ ^S. 7]^ v^^ci{] ^flAj 7]^^ ^T^^^ 

^7] cfll- ^a2] i^^s] ^vs. 7l]^^l- NAl, -^-7) 2]-^X 22] ^^611 ^7] ;^)2 7]^ nU^on Tfl 

7l^# ^«J5>^ i^lol) 1^*V >a-7) ^S2] 4i5g2] 7l]9-4=l- NA2, ^^7] 3J]-^J- X 32] ^^011 2] SI) 
^J-7) ;H)3 % 7]S aH^lo)] ^1)A^ ^/CE^ 7]^^ Cflo)) ^ja.*j. AJ.7I c))# ^^2] 4,;y2] 7ll^^» NA 

3o)e]-j7 nJI, >a-7] rfll- ^2:^ >^7) 7)]l ^ ;§:a 7]^ dD^oII ;ga.2) 7fl>^J ^/ffife 7)^* ^^5)-7l ^)5fc«^ '5^7] 
7fl^^ NAlM]o11^1 <a=^t> B]-^# ^1-71 Tfll ^^2] nl^V Sl^^^# ^j-7] 7)]l ^ 7]^ nlj^o) 7] 

^^^Hl ^ Sli. -3-7) ;^]2 ^ ^^a. 7]^ ofl^ol) ;g:ao) ^/^c^ 7|so. >.sjs|.7| ojg].o^ Aj.71 71)^^ N 

A2Ml<flA^ "if^S^ ^>a3l-£^ -^1-71 42 ^#2] n2*V ^^d^l- ^^7] 42 % ^A 7)s. oflsDs] 7)^^^Vo)] 

^J^t 9X^^, 'a-7) 7fl3 ^ 7]^ nj^oll ^^2] 7D^S 7]^# ^^t}7] ^ sFa| >y-7) 7]]^^ NA3lfl<fl 

<y::^ev ^0^7) 43 ^^2] nS^l- sj^^g-i- >s-7| 7i]3 % ^ri 7)^ ^Djijis] 7l^^>8-6D 
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^^a-?! SI^^ 4i;^Hl e^Sfl *iJ: 7)^ ^^J^^E^ ;^13 i^^g; 7)ag. = ^^ols 27flfi1 A^S. ^S. 7) 



^^^c).. a ol^s o]5>2l A].^^ 1- ^ o^cl-. ^Qs^^ ^^<^]M^ 2# cl^HSl 7]^# Afojol f^^V^e) 
H_U>^o) ^71 nflg-oll ii'at DVD-g- ^31-^1- 8llo]x-] ^^o.^ DVDS] 2# c^iHl- t-l* ^ Sit^t. CD-Rom C 
D-RW°1lAi^ 7l^^s) wVAf -^Aj^ °l-§-5H ^flA^^ 31-71 ofl^oil jin^E DVD-g" 'J^^^J" efl<^1^i ^€ 

josfe CD7l-g-cfl CD - ROW CD - RWl- ^ Sit^. ^i^M, fl^o] = 3^-^-21 ^ t^^aofl nJlsH ^ale1 

I-SV ^ Bj<g Al^^E^oim 400nm ^^S] ellol;?^:^-^ ^^S^^ ^^^H ^o];^si^^ 650nm -¥-e2l Bllol;H^# ^^m^ 
^^ Z^o]7^<i^^ ygonm -^^21 Eflol;^^^ ^A^sl-fe eflojxiai. ^o] s^^o] A^s. ti^^ 371)21 
7V alcf. 



Olofl, •& f-'gofl n1.# ^ ;S-:aHA:|^ ^ 7]^. n])^ vfl^l ;H13 ^ 7l^ Dll^laj 7]S. ^ ;,ll>iljoll Af-g-Sl 

fe- ^#21 51^4 Af^7l- Aj-7] Aj^ D].2:Al?l£S 7)^ ^l.ol 5)^ >5,;^f2l ^;gS|.^Uf. 

n^et'^l, % 7]^ nfl^l x4];^l ;H13.* ^li 7]^ oflSflo^ 7]^ ^ ;,flAjo|) A>^5lfe Z]- ^^o]] cflsH ^^^if 3] 

^ i^l-s 0^4. ^ev^ 7l:& ^Fol ^tjoj 5]^^ ^5]. ^;^).o) ^h-g-o)] 4;a-o| a^s. q-E 

^ 7)^ Dfl^ tfl;^l ;^13 % 71S. oj^ i^ofl ;^j:a.2) 7l^ £fe TflA^^ "^fJlSl-Tl] ^S^t ^ Sl"^. 



>S-7l sl^ 4^ X B, ^^7] nHAi ^21^£|^ ^X\<^ cf^ i]^ ^V^A)?]^ 5)0] ul-^a) gfcl.. 

300nm < \ B < SOOnm 

SEtb, >i^7l \ B, -8-71 nH]Ai Sl^SI-slfe- -g-Aloil ^V#A]7lfe ^o) uf^alsfcl-. 

380nm < \ 1 < 420nm 
630nm < A. 2 < 670nm 
760nm < \ 3 < SOOnm 
340nm < X B < 440nm 

I nl I = 2 

I n2 I =1 

I n3 I = 1 

cl-S- ^>^Al7]^ 5Jol HV^^lsl-cl.. 
350nni < X B < 420nni 



■g^7fls.s) s. 2003 - 0030926 

^^7] ^Sfe s}-;^- \ B, ^^71 7.}^ nHl>^i sj^i^SIfe f-A]o|] c^-^ ai o. oV3.^^^j^ ^o] t^l^^^t:^^ 
380nm < X 1 < 420nin 
630nm < A. 2 < 670nm 
760nm < X 3 < SOOnm 
400nm < X B < 430nm 
I nl I = 6 
I n2 I =4 
I n3 I = 3 

SE^, ^^ t>#Al7lfe. ^o] al-t^lSl-i^. 
405nm < X B < 425nm 

2^, ^7] ai^ ^sfe ;gs) 4iiq# ^fe. ^o) ni.^a]3l-cf. 

it?!-, 4^ X B, ^c}-7l ^1-4^ nlo{]->A ^^7] aV7| a.^o| ^^o] ^^js.^ 

Ob=nl- (bz- h2+b4- h''+b6- h^+- • ) 

21- 2^K 4*K 6^K • • • 21 (^^^ ;^l^e)-jz£ t!-iil-)oit:i-}, 

PD = S(-2- nl- bz) 

0.5 X 10 -2 < PD < 5.0 X 10 -2 

CH* nil- ^2.S., ^^7] ^ae] -yAl-^oll >i,V7l 5]^ ±7.}7} 

m. 

StV, ±7^^ ^7] nfll- ^2:2]- <a^^ EB||?J ^^5)^ ^o] «>^:a| sj-cl-. 

'8-71 Sl^ ^«|- iSi;^l-fe ^7] mi- ^afii- <y^s. ^-ysjui, ^7] ih7l rfli- ^2.3] jg-^ ^Af^a) ^g- 

£tK -{J-?! 711^^ NAl ^^1 NA3^. 
NAl > NA2 > NA3 
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4 NA221- NA32] 7))^ ^T^-* Sfe ^J'^l wV^^lSfcf. ^y-?] 7fl^ ^^r^. ^J-y] cHl- ^2:54 <y^5. 

iEt!-, ^c!-7l 7fl^ ^^-8- -^1-71 7m ^fo) Ji^ -S-^^ 71 Cfl# ^asl >^7l 

711^^ NA2S-¥-El NAHl nfl-g-Sffe ^J-7l 7fl^ M]^ ^^3] <S^# f-^^Vfe -iJ-^l \ 221 ^^o) a}. 7] ;^)2 jg- ;g 
i 7)^ nil^oj 7is.^^v;7|^l £^£)^ ^Alofl A^V7] a).;^- X 2^) ^^o] Aj.71 ^j^^^ NAlvflofl^i ^i-?! ;Hl2 
^ agsfls] 7ls.^'S-oflA-1s1 3i1.^^SV7l- 0.07 A. 2Ji4 # Aj-sflo] ^o) al-#2)§l-cl.. 

SB?!-, -a-^l 4^ \ 22] ^^o) Aj.7| 711^^ NAllflo)l'<-i -^-71 42 % ^i£L 7]^ d1|^|o) ;g li 7]S.^'a-o|]A^o^ 4^ 

■r*l-7f 0.20 X 2a. e ^'•Ell'?] «l-^^5l-cf. 

Sl^, ^^7) cfll- ^5:2] Aj.7) Aja 7i|^a. NA3-^S-^Ei NAHl tH-g-Sffe ^^7] 7W 4^ T^'a-Sl <S^# -^•7] 
4^ \ 321 ^^o) AJ.7] ;^|3 :^ 7]s Dfl^o] 7]^c3^V;7>^) SigSlfe- f-AH) ^^7] 3].;^. ;^ 30^ ^^o) ^7] 

^71 al-^X 321 ^^o] >5^7l -5^^ 7B^^ NAl^floi)'^^ ^^7] 43 % 7]^ ofl^o] 7]s.c5Aj-oi)Ai 2] s].^ 
^*l-7> 0.20 X 3:a.cf ^ ^Sfl ?] ^ ^1 «>^3l 

^1-7) 71)^ 4^ T^-e- -^-71 nfll- ^2:21 ^7] 7H^^ NA2S.^E-| NAH] tfl-f-sffe 'iJ-7l 7)1^ ^'^2) 

<g^oi] ojAfHl^ ^>7l 2S] ^}^^<^ -S-71 Cfl# S02:S1 -S"?] 7^^=^ NA2S-?-El NAl<fl tfl^Sl-fe 

-^•71 711^ 4^ ^^21 «g«o)i <aA>£)^ >i]-7i 4;g- \ 22] ^^o] ^7] 42 ^ ^ii 7l-^ vf^s] 7]^^^^v}yq £ 

^o'-7l 7ll^ T^^-S: '^'■71 cfll- ^S2l AJ-71 av^ 7i|i^=- NA2S^El NAHl cll-i-Sl-fe- -^'•71 7)1^ ;<fl*V ^i5}-2l 
<a«oii ojAVsl^ 121 ^-4^171^ -i-AH) ^V7i cfl^ ^^sl AJ.71 A^v^ 7]]^^ NA25.-?-E-l NAHl cH^sj- 

fe- 711^ 4^ ^^21 "g-^o)] <yA>s]^ 4^ A 221 sl-^ -Jd^^d* ^fe 5J0I a>t2l5}<^. 

Htb, AJ.71 7fl^ ;^|^ >.^^ A^>7| ^S21 >a-7l Aj-^ 711^^ NA3S.-^Ei NAlofl Oi-g-tm ^>7] 711^ 4^ ^^Sl 
•S^^ll <a^l-£|^ ^'■71 X 321 ^msH ^1-71 i:Hl- ^2:21 ^7] A^v^ 7i]^>^ NA3S.-^El NAH] nfl-g-Sj-fe 

^7] 711^ 4^ T^^SI «9^<=fl ^>^1-Slfe- -8-7] 4^ X 321 ^^<»] 'S-71 ;»|13 % ;§aL 71^. olI^Sl 7lS.^^;5,].;^l £ 

^sl^l ^ ^ safe. ^01 Hj-^alSl-cl.. 

£t> 'S^7l 711^ ;.|1^> Aj.7) nfl^ ,32^0] AJ.71 7fl^>. NA3S-¥-Ei NAH cfl-g-*>^ a^71 7i]iji >^^oj 

<g«oll <yA>Hl^ sl-^J- X 121 ^2fAl7l^ ^AHl Aj-7l nfll- ^^s] AV7) A^:^ 7)!^- NA3^-¥-El NAHl cfl-§-S> 

^c^7| 711^ ;Hltt =r'a2) <§^cn] <aA>s1^ X 321 4^ -a^^^* Sfe ^o] wl-^alsl-cl-. 

£t>. ^7l 7ll^ 4^ T^'ct^- 'S-71 till- 5312:21 ^«l-^>8-<Hl -S!^ ^ElS. ^A^t 



^'gofl 4# SE cl-l ^ ^^Ife sq-^ X 121 ;«lll :^^o.S^El2l o]^t\(^ 41 7)^ ^^^^ 

I)* ^11 ^ ^Ji 71^ d||^1o)1 ;g^o] 7{|A!J ^/s^ 7]^^ 4^ X 2(X 1 < X 2)21 ;H12 J^-^l^S.^ 

E-121 ol.g.g|.o1 42 ^S. 71^ ^^l(t2 > tl)* 42 % ^ja. 71S. u^^o\] ;g^o| ^/^^ 7|s.^ 

«JSVu2, sl-^ X 3(X 2 < X 3)21 43 %^^S.^B]s] 01-8-5H ;«1l3 7]^ ^^(t3 > t2)l- 43 % 
7]^ u^4o\] ;gli2l 4^ ^/H^ 71^-^ ^SjSl-fe ^ ^^IS, -^-71 ^J-^lfe Aj-7) ;»lli ^ ;g£L 71^ 

°1)^1 141:^1 ;«113 ^ 71^. Dfl^joil tfle> ^^ii2l 7l^o]l ^1-21 tfl^ ^^f- ol-g-sl-H, Aj-71 ^ :ffl<g 

^^1^ -^-71 Till Ji^ 7l^ ^^^1 ifl^l ;(il3 7l# ^7|]21 ^Vojoll 7lolS>o1 ^^5>fe ^'fit^l-l- ^^jS}7] ^t}c^ ^ 
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7)^ ^Vo) jj-^dl, ^).ol -S-^j^^Sl ^=^^oj ^nfls S]^^ 



I n2 I = I n3 I 



^ja.«V ^7) c)]# ^22] 7)1^=^-1- NAl, ^1-71 uf^J- \ 22] ^^o]) o^sfl ^v?] ;(ll2 ^ ^ja. 7)3. DflJSlloll 71) 

^1-71 ;HI3 * 7]s plj^oll 711^3 */5E^ ^sjsl-^ dloi] .^V7] cflf- ^2:2] 4l^^2] AV^ 7)1^=M- NA 

3^S «8, -^-7) till- -^-71 % ;g£L 71S. nfl^ofl ;ga.oJ qj/^- ^js.^ ^Sj5}7] ^l^M -^.M 71) 

^ SIJI, ^o'-7l ;(fl2 % ^^M. 7]^ afl^oll ;g^2] 7flA| ^/a^ 7l^# ^«j5f7l 4i-7) 7ll^^ NA2t41oIlA^ oj:J:ev 

^^7] 43 ^ ^a. 71^ ofl^oll ;^jiL2) ;ill>8 ^/Hfe 7)^^ ^m}7] ^sH i}-7l 711^^ NA3'^°)]H °^Si^ 4 
-ysfss. Aj.71 ^^s^ ^3^]. 5|;g^^ A^y] ^2 % 7)^ nl|^2l 7)^^>a-o|l =r Sife ^1- O- 



°1 ^ ^J-^Hl 4^^, 42 ^ ^13 ^€-2.S^Ei2) ^2fli:flS -f Stb ^H) 1 ^^J^S-^E^o] ^ 

-f 2)-5l-Xl :fS6|l Hll^l^ 71^ 7i}o] ^X^O] 4.;tl.ofl s^gfl 1 7|^ ^^S.^B] 4 

3 71^ ^olH 27)12) A^S. t:f# 7)^ ^?1)2] ^l-o)o11 S]^ ^^SS]^ ^,a=-^1.7l. ^::i^S\3.S., 4i % 

^^M. 7]^ vfl^) ;H)3 ^ 7)^ Dll^) S.^cH] ;g^o^ 7)^ ^flAjj^ °^S.m] ^ Sl^)-. a^>,'7)^ ^ 

*]-«>] ^'S?! S)^ ^^i;i>2) S):g al-^ofl 2)31) B)-^J-o) A^S C)-^ Zl-2)-2) AS^Ei 2) ^^o] tf|l- ^^d\] 

^d^fSlfe ^^<^1 ^2. g-AVoll 2)31) "^^^^17} M.^^S\S.S., 41"^^^ 7)^ o))^ ifl;?) ;^3 ;gji 

7)^ D|l^ fi^oll ;gjio] 7)S ;,l|Aj^ <a=J:S)-7l) =^^SJt Si 4. 



-^•7) 5]^ ^2:^ X B, -^-7) n2'=fl>^i ^^^5)^ §A]6|) C)-^ A)^ ^V^A]?]^ ^o) u].^a)g).c).. 
630nm < \ 2 < 670nm 
760nin < \ 3 < 800nm 
X2<XB<\3 

at!-, ;H)1 % ^^iL 7)^ Dl)^)oi| ^^o^ pifl^g 7]^^ ^«J|5>^ ^^7] cfll- ^^2) :i>5!-Hfllr^ mlS 

^ ^-f <fl ^7) mi- ifflafe 'S-7) s^^ \ 1. >ih7) ;«))l 7)^ tl, >a-7) 7D^^ NAl. ^J-7) :a^nl)t- mlfi) 
-f-Sfl T^Sl-7)- a)4i7> S)E^ €2:?] ^o) H].^a|s].c). 

SEt!-. ^71 -a-^ 7))^^ NAl NA3^, 

NAl > NA2 > NA3 
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^oi-^l 7fl^ =^^}-€: ^ch?! ifll- ^2lS\ ^7] 711^4^ NA2S.-¥-El NAH ^-^^^ ^^7] 7|1^ ;t11^ 
cg^ofl ojAfsi:^ 4^vx 22] ^^1- ^l-^S}o^ dll- ^S2] Aj.7) .^v^ ^fl^^ NA2S.-^Ei NAHl ^^^^ 

^7] 711^ =^^2| <^^oil ^Al-S)^ >ij-7l 22] ^^O] AJ.7) :^ 7]^ nfl^S) 7] S.c^^V;5,l.;^l £ 

S&lh -^,^7) 711^ ;HltV ^'c^€- 'iJ-71 cHl- ^S2) >a-7l 7fl^^ NA2S-^E-) NAHl tfl-g-*}^ 4^7) 7fl^ 4^ ^^3] 

^^7) 7H^ ^ijj-a- ^J-7l ifll- ^as] ^V7l 7fl^^ NA3^^Ei NAHl cfl-g-eh^ ^'-7| 7])^ ;*l)t>^^2l 
cg^oil <aA>slfe >i,>7] al-^J-X 32) SV^sM -8-7] cfli. 1^221 ^71 -y-^ 7)1^^ NA3S.-¥-Ei naH ifl-§-Sl-fe 

^^7l 71)^ ;H1*> ^-aS] ^«ol) OjAfS]^ AJ.7I ^ ^^o) Aj.7) ^ 7]^ nJ^JIs^ 7]^^>y.;5,|.;^] £ 

5EtLh ^o'-7l 7)1^ ;t11*!- ^o^7l nfli- ^^s) AV7I 7)1^^ NA3S^E-| naHI i^fl-g-Sj-fe ^7] 7^^ 4^ ^^2] 

<g«oil <a4Hl^ X 121 ^4^171^ ^^Hl'^M cfl# ^se] 4V7] 71)^^ NA3S^Ei NAHl nfl^Sf 

^^-7] 711^ ;Hlt!- ^1^21 <^^oil "yAfSl.^ X 321 Sl-^Sffe 4^ 5i<^l 4t-^5}c1.. 

S£^, ■*^7l 711^ 4^ T^'S* ^71 Cfll- ^2:21 jg-^^-y-ofl ^A^^ 4;^ AISI ^ElS. ^A^Sh ^ SJcf. 



I)* 41 ^ ^ii 71^ ofl^oll ;gi2l 7HAj 5i/£Efe 7]s^ ^m^. 4^J- X 2(\ 1 < \ 2)21 ;Hl2 Jf^l-^S^ 
E^sj ^^-i- ol^5).o^ >||2 :a.Jl 7l^ ^^(t2 > tl)l- 42 ^ ^^a. 7l^ Dfl^lofl ;g^2l 4^$ 7]^■i: 
^^5>JI, 4AJ- X 3(X 2 < \ 3)2] ;»113 ^^^S-^Ei2l ^]^t}^ 43 7l^ ^?1(t3 > t2)» ^fe- 

^13 ^ 7]^ 444 ^iL2l 7flAj ^/iE^ 7)^^ ^«j5ffe ^ ^^s., ^V7l % :^<g ^j-^i^ ^>7l 41 % 
7]^ "11^1 M]^] ^'■71 ;H]3 % 7]^ 444 ^^iL2l ;«)1AJ 7]^oil ^f-o) ^^^l- o]^t}M, ^^7] 4 

IM.S.7]^ ^^S£^ 42 ^SL 7]% ^nsi\ 7,}o]4 7lolSfo^ ^^^^f* iL^5l-7l ^^c^ ^7] 4l ^ ^ 

7] 43 ^^^s.-^Ei2i :^^o] i-4s>;^i ^t}^ ^s.^4 4m 4i ^4 y^yo] ^^a^. ^^7] 41 s.s. 7m 
^^isf ;«113 7]^ ^4s] 7.]ro]4 7|olsH ^^l-sl-^ t^^^^V* &^^^7] ^SM -87] 43 ^^^^JfE^si ^^nv 
ot -f^^U «7l ;^1 ^« 5J 42 %^±S.^B]S\ -i-SI-SM *5l-^ %s.^4 4^ 42 7]^ ^4 S>ol 

4l 7]# ^MI a.:^^ ■S-4]€^21 a.::-2l ^Ols ol^<H^.Sl^ ^Sl- 5}-^ ;«fli 

±7.}S., ;»1|1 5)^ ^Sl- 4i42l 5]^ ^2ioil AV7I ^12 %^±S.^B\s\ 4^ X 22] ;tll2^^ol <aAl-s]^ 
<fl ^'Ssm ^12 ^^21 s\^i^^ 3lnfl2l S|^^^* 3]^ Sf^l- n2e1-Il nfl, ^V7l ;Hll S)^ 

±7.\S] S]^4 Aj.7] 4;^}- X 221- cfl^ 4^ X B2. ^^7) S)-^ n2<HlAi sl^l^sUt, ^7] 42 7] 

^ ^4 a.^ ^"S^: ^^€^21 ^^21 ^cflS ol^ol^ 3)^ %n 4i4S, Aj-7l 42 m 

^42] Sl^g ^^oi] ^7\ 43 ^^o_s.^B\s] 4;^ X 321 ;(113 ^^<>1 'a>^Vs1^ ;§^oi] ^VAjjsl-fe ^^7l ;«113 ^^21 
Sl^^f- a1cH2l 5|^:^%:1- 51^^21 5]^ n3ole1-Il 58* nil, ^1-71 ;»l|2 S]^ ^42^ ^ 

7l 4^ X 34 ifl^ ^y^l^l-^ 4^J- X B3, ^o'-7] nSofl^i al^jSl-SlJl, -^-71 4^ X 121 ^^o)) 0^4 AI-7I 

^ 7]^ 444 4^ ^/itfe 7l^# 44 -8-71 nUl- ^2:21 i;^j2l Aj-^ 7))^^1- NAl. -^"71 4 

^J-X 221 %^4 21SH >8-7| ;«il2 % ^il 7)^ olj^ojl TflAJJ ^/SEfe 7]^^ 44 ^o'-7| cfll- ^221 ± 

^^2] ^1-^ 7||^=^1- NA2. ^1-71 4^J- X 32] ^^ol] filSfl AJ.7] ;^]3 ^ 7|^ 4Ag ^/JE^ yjS.^ ^m}^ 

44 l^tl- ^1-7] cljl- ^221 ±^^s] 7)1^^1- NA3^S ;§ 0.0,1 Aj.71 cfl^ ^^.^ ^7] ^^j^ ^ 7,^. oH 
44 ^^^2] 711^5 ^/5Efe 71^^ ^*JSf7| ^l5^o| ^7] 7)1^^ NAlifloflAi <y=:£*v 4^^ ;^1i 
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sj§l-7l ?l5l-o^ ^o'-7l 711^=^ NA3^°I1>^1 ^^71 43 %^s\ n3^} 5|^^^- 'S-?! ;»113 % ^^S. 

7]^ ofl^oj 7l-^^>a-oil Sife 



^ ^^Hl ^12 ^^^S-f-E-121 ^^DVol -f %S.d\] 4l 7]^ ^'^ ^^o] UplS) 5EtV 

:»1I3 ^« ^^^Vol f-^S^fe- ^Sofl All2 7l^ ^la-o] aflAlgj-o^, £^ 43 %^o.S.^^^ ^^ov 

<^1 f-^l-Sl-fe- %Soll ;(112 7l# f-^ ^^-^ Hfl^l*}^ ^-ft^ll ^2io^ 7m ^^1 ^-ai- T 51^° 

^, 3^-^31 ^iS. % 7]^ 44'=^] 7l^ SEfe 711^5^ ^SJlt afloli ^;^l7l- S]fe- ^Jl 7]^ ^Tflfil 7.}o\ 



^^7] 4l ^ 7l^ dB^HI ;gio) Tfl^ 7]^^ ^*j5>fe ^o^7l cfll- ^2:21 ^^^H|lir# mlS ^-f 

<=^ ^7l tfl# >i^7l al-^a- X 1. >S-7l ;»lll 7]^ ^^1) tl, >S-7l 7^7^ NAl, ^j-7l I'SJ-uIli- misl 

■f«ll T^*l-7l- ^4i7l- s\^^ 'as?! 5iol Hl-^alSlcl-. 

5E^. '^•71 7||^^ NAl ifl^l NAS-e-. 

NAl > NA2 > NA3 

l-^>^Al7l^^Aloi), 

-^.^71 ^ ^J-^1^ >i}-7l ;Hll 43 ^^±S.^^s\ 21- ^^o) s.^ -i-^Sl-fe -g^f-sl ^Sf^oi] apl^ NAl 

4 NA2S1- NA3fi1 711^ 4^ S-fe ^J-^l ^^^isvc].. ^^7] 7^^ 4^ "r^^ ^^7] cfll- ^2:2)- o^^S Saflig ^ 

SEt!-, -^7] 711^ Tfls^ >y-7] clll- ^asl >^V7l 711^^ NA2S^E1 NAl°fl i:11-g-5fe ^^7| 7ll^ 4^ T^tSl 

«g^o)l oj^fs]^ ^V7i ^ 2^1 7.}^t}<^ ^^7] cfll- ^^21 ^^7] 7)1^^ NA2S-?-Ei nAH tfl-§-sm 

4^71 711^ ;«)16V ^^a-fil <a^°ll -y^l-slfe- ^'■71 A. 231 ^J-71 ;Hl2 ^ 7]^ 440] £ 

^Sl^l t ^ Silfe S^l 4^31 

41-71 711^ ;»)lt!: ^1^^ >a-7l tfll- ^^21 AV7I ^t-^ 711^^ NA2S-¥-E-l NAHl nfl-g-s}^ >^V7l 7)1^ ;til*V ^^21 
<g^oil ojxl-sl^ s^^ \ 121 f-4^171^ ^Aloil ^7] cll# ^^21 ^^-7] y^^^ NA2S^El NAH] cfl-i-sl- 

^7] 711^ ;HltV ^^21 <m4 'a^slfe 4^ A. 231 Sl-^*l-fe 4^ ^«!^^# ^fe ^<^] H>^alSl-cl-. 

iEth 'S-71 711^ 4^ T^^^ 4^71 till- ^321 ^„V7l Aj-^ 7)1^=- NA3S^Ei NAHl ^-^t}^ ^^7] 4^ 4^ =^^9] 
<g«oil ojAl-s]^ >jj-7l 30^ ^^o. ^y^^c^ AV7I "^S- ^^31 AV7I 7)1^^ NA3S^Ei NAHI «:fl-g-s}^ 

-^•71 711^ 4^ =r'a-2l <g^<5ll <U^}s\^ 41- 7l \ 331 ^#ol >a-7l ;«1|3 ^ ^a. 71^ 44s] 7l^^^J-^'l-;^l £ 

SE^, ^71 711^ 4^ ^"a^ ^7l till- ^2:21 Aj.7) Aj-^ ^fl^^ NA3S-¥-El NAH tfl-g-Sl-^ -^^71 7||^ 4^ T^'SSl 
<g^oil ojA>slfe 131 ^4^171^ ^AHI Aj.71 ^ael .^V7l Aj-# 711^^ NA3^^Ei NAH] tfl-g-Sl- 

^ -^^71 711^ 4^ T^^3l <^^oi| ojAfsi^ \ 321 ^l-^a-sl-fe al-;^- S'^l Hl-^-^lsl-cl-. 

SE^, ^^7l 7l|^ ;«11^ ^7] till- ^2:21 ^^^-^611 ^^^^ S^^^ ^^ ^B]S. ^^^t ^ Si'^. 
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^^^l^l^i "^^^1 ^]3 % 7]^ t^itb f^^^l ^^t Si^^. ^^^>i) >y-7] c))# ^^o) Aj.7] 

» fB3(mm)^^ SS* ^J^^l^lfe ^Jo) 7]El# #^^) ^^§1-^ cfloll o^o^xi 

0.7 < d/fl < 1.5 
2.8 < 0 1 < 5^8 
fB3 > 0.2 

^J-71 ^13 % 7]^ afl^oii ;g^o^ ^^A^ ^g^, ^^-71 cfl# ^^s) m3S 

e> ;g-^-oll Cf^ oV^Al^)^ ^^^^ *vcf. 

m3 < 0 

-0.25 < m3 < -0.05 

St^. ^^7l ^]2 ^ 71^ nll^loi] ^fl^j ^/^^ ^mi^ ^-f , ^J-71 !:))# ^>iJ-a]l^* m2^ 

t!: ^t- ^V^Al^lfe ^^^^ ^^i:]-. 

m2 < 0 

-0.20 < m2 < -0.02 

380nm < \ 1 < 420nm 
630nm < \ 2 < 670nm 
760nm < X 3 < SOOnm 
O.Omrn < tl < 0.3mm 
0.5mm < t2 < 0.7mm 
l.Omm < t3 < 1.3mm 
0.99 > NAl > 0.70 
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0.70 > NA2 ^ 0.55 
0.55 > NA3 > 0.40 



SEtK ^7l 7]% Si^y %^ ^^^S. ol-g-tl-^ 5J o.s.^ ^^.7] tfl^ -yAl-fi)^ ^V7] ^^^o.^ 

■¥-El2) ^^21 :t^o^ 7§2\^ ^ ^o]S. ^^^S] ±^\S!y, ^7] 7]-g- 

£E*K ^^71 7l# 2^<H£ §i 7V'^ ;<flS.f'* 7Hii. ^l^j- £fe £fe ^1- 

^7H^ ^0^7) 7Via 7)1 S.^ 21 ^^i-^ ^il- ^2l.Al?)fe §S 7\.^ ^j.}^^ £^ <g 

1- ?]7M7l7l 917} ^r^^ H].^:3) g}-!;)-. 

SEtb, ^'•71 X 1<^1 550nm:acl- ^Ji, Aj.7) ^^o.s«.E^e^ ^^2^ cl^eV i^j).,^] 7l?lSl-oi »^^m^ ^ 

T^Sh* Ji^^5f7l ^5H ^<H£ ^^7l 71)1 ^€.^^-¥-E-l2) ^^o| ^S-^o)] hH^]^ a^^S> JS-^j 

at!:, i!-7] ^^7.}^L^ -S-^J^l^e] fi-^o] o]^o]^ si^i ^S7f ^A^^ ^jols. t}^9] s\^^-^ 

^«|- ±7.}S.. Ti^i ^^^S) S]^ ^So)) aJSfl ^4 4130)) ^7l-5]S- ^^£1-, 

<1>M = zi- (bzi- hi2+ b4, • hl^+ be, • hl^+ • • ) 

<=>] ^-f-^l "^m^ ^0^7] 4^3- x ifi] ^^44 5]^^:^^ sicfl4 s\^i%^^ si^4^4 hi^ ^ 

^.S^-f-E^e] ^o|(n,n,)_52i.b4,,b6.,- • • ^ 2^1- 4^1- 6^K • • • ^1 ^S^f 7lli-(5l^^ ;^1^4j7iE t!- 
PD = E (-2- zl- b2,) 

ofl 4^11 ^44fe ^2:?!-4 3l-*l(min-' )7)- 4-2- <il^ ^^Al4^ 5J0) 4^3l3f4. 

0.5 X 10 -2 < PD < 5.0 X 10 -2 

01 '^■71 -ui^^l- ii7j ^'jf^ Aj.7| Efli- ^^4 <a^^ ^A^5l:a, -^-71 ^Jl^^> 4^^4 Sl^ ^sfe -55-7) cfl 
1- €221 "a^f^fil ^^-a* £t3l-fe ^oi£ 5^44 ^t^^-^oii ^Aj4fe. ^o] 4^3j5)-4. 

-il-7] ^^^2.54 V dP ?J ^J-71 -¥-^2:54 oi-Bfl^ V dNol 4-§- t>^Ai4^ ^O] H).^ais|.4. 
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V dP > 55 

V dN < 35 

5E1>. -iJ-^l 4l ^€21 +lnm ^^t;}^ ^-f^ ^^7] cfll- ^^Sf >^J-7l ^i^* ^€ 

2 ^ ^1 21 A fBoBj . CA 7h ^ * 71 ^ 5j oi Hi-^a] 

I AfEbBj + CA • NAl2 I < 0.15(u m) 

SEIK ^1 Ml^l ;H13 27flsl ^49^ ■B-'5i^l-s1<H Sife 5J°1 "l-^^sl-^-. 

-a-^^l 4 ^ ^^llsH -S-^j ^/5£fe ^i)-^ 71^5). ja^ ^/SEfe, -g-^^ ^/££fe ^-^J-* 7|]>a 7F^5}£^ ^ 



^ ^il 7)^ ollsflol] ;3iisl ?|)/8 ^/iE^ 7l^# ^*J|5F°1, 2(X 1 < A. 2)2] ;«ll2 ^^O-S-^E^Sj 

■g-sH :^12 MJ: 7l^ ^^(t2 > tl)* ^12 ^ 7l^ ofl^loil ;g^o| ^/5c^ 7)^.^ 4^ 
X 3(X 2 < X 3)21 ;H13 ^€-^S-¥-El2l <^)-8-sM ^l3 JiJ: 7^ ^^(t3 > t2)l- ;«1l3 ^ 'gi 71^- 

nl|Sll«>ll ^a.21 §J/S£fe 7)^.^ ^ ^^1S, ;»lll ^ ^^a. 71^ xJH^] ^^7] 43 ^ 'gSL 7l^ 

°1|^<^1 Cflt^ ^^M21 7l1^a 7moll Sfv+o] ^^jSl^ ^-f si Cfl# ^^1- ol^5fDj_ ^V7l 7) 

^ Ml^l ^13 Ji^ ^^^)21 *H«^1 7loi5)-ol ^^5>fe ^^^^Vl- i^^5l-7l ^tb 7^ ^Vo) ^la-^ 
^^^S. e>c1-. 



«1 ^ ^^1<H1 n1-=.^, 3f^^2l A^s. nl-^ % 7]s. Dll^ofl ;g^fil 7)^ ffife- ;«11>a* ^*Jt nfl-fl ^4^} 5]^ 
21 ^]S. cf^ ^ ^ri 7l^ oj^oi] ;g^o^ 7]^ ^/5c^ ^o^^v ^ 5)<g ^sjf- oin^ 5c cfl^ 

71- iji-^ ^2:0]os._ m.^ ^tg 7)^ =^7|. s ;^13 ^ 7)^ oD^dl Z^^S\ 7]^ */£Efe ;«11^^^ ^S] 



1- 7^^^^S. ^^t}^ S^-OS, E34 ^^1 E41<^l>^1fe- ^ ^J-^121 ^«h7l1l- ^^^sfe ^^jl- 7ll^^ 

O.S. q-El-t|l7l z]- ^elsl-c-l SAjs^a Sifecll, ^;H1S.^ 4i;^l-7l- 2711 2711 oIa^sI 7]^# ^fe- 
^■f 7h Sli:!-. 

•S- ^^--goll tCl-# ^ ^J-^lel ^^TiHlA^^ £34 vll;^l ^^374 #ol ifl;^) ;^l3 ^^O.^^EiSl 2^ %^o] Jf 
i^Sffe- -^-f 21 ^S-Oll 7)^ ^^^1 *Vo] -1^^ Hlj^Isl-Jl Sl^, 



^, £3421 ^ ^^1^ ;Hli Lfl;^] ;tll3 tLS. 7l# ^^^If^ ^<Hh 27lle1 ^s. 7]^ ^Ml2l ^l-o^l 7lo]5l-^ ^^^^V 

1- :e.^Sl-7l 7l$ ^lS(7)2|-, 21<H£ 4l%^S. 7)^ 011^71- Till ^S. 7138- ^TflSl 

-2.*H1 7]'>]t}^ ^x^=!^^}M. ^^^^7] ^ev 7l^ ^7)1 5.^1- ^'3(6)4, ^-HE ^11 ^^1(1)21 ol4,ev 4^ 1^^ 
°11 7lol5l-fe >^^S>1- i^3l-7l -a^^^f ^^(5)# 7l-;^H, ;(lli ^^(l), ;^12 (2), 43 %^(3)^S.^ 
E-121 Zl- :^t}-7(l» -fail % ^il 71^ Dll>ll(10)oll ^>^l-Slo1 4l % ^jiL 7]^ Dfl^ tfl^^] ;^l3 ^ 7I 

^ i^o]] ^^Ji2l 7)1^3 7|^# -^-f-el tfll- Tffl2:(8)# 0)^5|.0l ^t^^^, Z\ ^^O.S.^^^ ^VAj. ^ 

e1°I|o|El(4)<^l 2l8f| sgsj ^^^cl-. 
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^1^(7)4 7]^ i!.^)- ^'ci(6)# Hfl^isj-Ji, ^€(l)^s-¥-Eifi) ^#°Voi ^^sj-fe ^^o)] ;h1 

1 ^^(1)2) Dli*!- 2)-^^ -SSl-oll 7lOl5ffe -Ul^^l-l- i^j5>7l ^d}. Ajj^^l- ^^'g-CS)* Hfl^lsH ^ll ^ 7)^ 

ifl^l -^-71 ;«1l3 ^ 7]^ oH^IHl cfldV 7l^# ^f-S) cfl# ^^(g)* oJ-g-SH 

^'a:(9)oll elafl -^-fs] ^s.* ;^li47(| slfeifl, £^61)a^£ f-<y5)-cf. 



SEt>, £363) ^J-^lfe ^^1(1) ifl^l 43 %^{3)±S.^B]s\ 2\ %^o] ^^s^ %s.<^ ^^^} ^ 

7]^ ^^12) ^^11 iLSWI 7)olsl.^ ^^^^l-l- £L^^i}7] ^S}. 7)^ ^^^) iL^f ^^f(6)^ apjsH ^ll ^ ^^SL 7] 
^ ifl^l ^3 % ^M. 7)^ n|)^6i| cflsl. ;gji2] 7ll>a ^/SE^ 7|^# ^-f a] cHl- ^a(8)» ol-§-5)-o^ =rSJ?!->^. 



7l^5tfe -i^^^V* :a^^3l-7l 'i^=^^sf jsi;^ ^'S(5)4 ^ll 7l?[- ^^s] ^^1 ^*1-<^1 7lo]5i.^ ^-a^sV* ^ 
^^^7] 7]^ S2.^y ^^(6)* Mfl^lsH ^11 ^ ^^Ji 7)^ ifl^l ^13 % ^^S. 7]^ ull^ofl x^^ 

21 ^fl-^ 7)^.^ -^-f-fi] tfll- ^2:1- ol-8-5f<^ ^Sj^nf. 



^^(5)# tifl^l5l-Il, ^12 ^€(2) ^ ^13 ^€(3)^S^Eifi1 ^^njo) ^Myt\^ ^^s] ^soll a.^ 7)^ 
^^1 ifl^l ;<1)3 JiJ: 7]% ^o]s. 27fl2] 7]^ ^^9] ^h°)1 7)ois>:^ ^"S^sVl- &^M7] 7]^ 

7l^5ffe ^^^^Vl- &^^t}7] 71^ a.^^ ^^(6)^ Mfl^jsH ^ll % 7]^ ifl;^] ;H13 ^ ^g:^ 

7)^ Dfl^ofl CHIV ^:a.2) ;»))Ajj 7|S^ ^^o] tfl-i- ^2:(8)1- ol^^H T^^JlVc]-. 



SEtF. £3921 ^ ^11 ^^(1) ifl^l ^13 ^^(3) O-S-^Ei jg-^o] SL^ -f-^-Sfe ^•§•21 ^^o)! 7l:& ^ 

911 iL^V il^ ^^}-(6)# m]t}ll, 42 %^(2) ^ ;«1|3 ^«{3)^S.-f-E^2] ^^^pJo] f-aj-sffe ^g-^ofl ^ 

S. 7]^ ;«fl3 7l^ ^o]^ 27l]2l iJi 7l:& ^^2^ ^H^l 7lo]5l-^ ^^^^l-l- :a.^jSf7l 

7]%^n ^ici-(7)* afl^lSH, ^11 ^^(l)A5.^Ele] ^^nVo] sa^g^^ :^^oil ^ll ^€2] nl^ev 4.;^^- 1^^ 
«fl 7lolS^fe■ -ai^^SH- :a.;gSl-7l Ajj^^^). ^^(5)# Hfl^lSM ^ll ^ 7]^ aj^] M];.] ;^13 ^ 7)^. 

tfl^ ^^2] 7fl><S ^/iEfe 7)S.^ -^-fSl till- ^S(8)l- (>]^n^ ^^^Cf. 



H^, £402] ^J-^lfe ;H)2 ^€(2) ^ ;tfl3 ^^l(3)^5.^E-i2l ^g-^nVo] :f ^g]-^ ^^s] ^^o,] 7) 

€ vfl^l ^13 i^ 7|^ ^^Iflf' ^CH£ 27fl2l 7l# ^^121 ^H<^1 7lo)5l-fe ^ig^^^H- S.^t}7] 7]^ 

^'a-(7)^ aPlsl-32, A)li ^«(l)^S^Ei2) ^^nVo) f-4s>fe ^5.011 ^^(1)21 al^sV b)-;^- 
^^ofl 7lOl5j-fe- &^it}7] A^t^f ^^f(5)3l- ^11 7l^ ^M|2] ^^^1 iLitHl 7]om^ 

^l-l- Ji^sM 7l^ ^^(6)# ^^m^ 41 % ^ja. 7]S. D])^ xfl;^] ;^13 ig. y]^ n||<q|o|| cfl 

;»jiiLSl ;illAj ^/PE^ 7)3.^ ^^o^ ^^(8)1- ol^S^c^ ^.sjjevu^.. 
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7)'?]5l-fe- £L^^sl-7l >.,^(7b)^ all^l^Vq-. 



^, £4iel ^ ^^o_s.}f-B]o^ %^^^o] -f Jl-sffe ^^o)] ^^^y S^^K5)4 7)^ SL^Y S. 

^ ^^(6)^ aH^lsl-Jl, ^12 ^^o.s.«.E^e) ^^oVo] f-^gl-^ :^s.oll 7]^ ^ ;Hl2 7]^ 
Sl-<5|oll 7lol5l-fe S^^§|-7l ^l-o] ^,^(7a)^ HflSlSfn^. ^ %^^S.^'e.]S] %^°}o] 

■f ^S.ci\] 4l ^s. 7)# % ;H13 lis 71^ 7.}o]c^] 7)o]sl-fe ii;§sl-7l ^SV 7l# ^^^1 

Sl-o) ^^aCTb)!- nil ^1 lief. #el°flo)El(4)o)l s]^^6i %^o_S. ig^^ ;»fll o.S.Jf a] ^^o| :g-^<q. ^ 

^11 ^ ^12 ^^^^^E^Sj ^^o] :f^fil. ^ 71^ uflAll ^^1 ^13 ^ ^^.a 7l^ nfl^ojl cflev 

^iis] 7m ^-fl^S^ -^-f 3) cfll- ^2:(8)1- oj-g-sH 



^ §s1°ll°]E-l(9b)l- ol-g-sl-o^ 3g*J ^^^S ^A^s^o^ o;i^cfl, ole1*> ^Eltf|lolEl7f ^ l-tgoil 4^ ^ 



^^Sl-fe ^.S-t^ ^o^7l cJll- ^^2^ 4,;.jo^ 7l]^^l- ^^ NAl, NA2, NA3S1-J1 55* nfl, Aj.71 :^:yo^ 
\ 1, -^^7) A2 ^€2) 4^J- X 2, ^o^7l ;(113 ^^)2l 3!l-;jj- x 3, ^7] 4\ 7]^ tl, ^^7] 4z jiJ: 7]^ ^ 
n t2, ^J-71 ;H13 7l^ -^^^ tS S ^^71 cfll- ^as] i^gfij -S"^ 7ll^^ NAl, NA2. NAS^l 4^ -i]* -S^'"'!?] 



350nm < \ 1 < 550nm 
600nm < \ 2 < 700nm 
700nm < X 3 < SSOnm 
0.0mm ^ tl < 0.3mm 
0.5mm < t2 < 0.7mm 
1.0mm < t3 < 1.3mm 
0.99 > NAl > 0.80 
0.80 > NA2 ^ 0.55 
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0.55 > NA3 ^ 0.40 

SS}-, tfll- ^ss) ^ loilAifi] fi ^^^f- d(mm), 1)-7l cfli- ^2:olI <y4s]fe 

^7] cHl- ^2:31 Tlsll- fB3 (mm) 21-11 nfl, cf-g- ij^ ^jo] Hl-^alSj-c]-. 

0.7 < d/fl < 1.5 
2.8 < <1> 1 < 5.8 
fB3 > 0.2 

- 1 < m3 < 0 

- 1 < m2 < 0 

aV2f ^<^1 7m ^^7} 3f'-ff-al t ^SL 7]^ u^^^ iJi 7)^ ^?1l7V § ;(112 ^ 7]^ oj 

■B-^>^l-°.f(*Kft«)^s. sf-a 71 ell- ^a.t 5a 4. 
>S-7l till- #al-^ei ;,iifis 51714 ^el Tflas ^-^^^4. 

>5f7] 7l^ ^711 *H ^^ci-C?)^ olf-ol^l ^S7f ^^^^ ajol^ 5^uf2l siA^<a^ 

7W'^, ^7] ^2i^ ^Af^ ^^21 4^0l ;jl ttJ-1§:O.S ^Sl-Sl-fe 6|1 If-^^j^y^yy]. Mj-^tO.^ ^^5). 

^ T^^^^V -^^^^ ^ol M}-^3lS>i:l-. 

-^-71 5]^ ^>7l cfll- ^afil ^ol£ sl-q-sl ^tj-'a^H) ^Aj^c^ 

^J-7l 71^ 7.}o] =^^(7)^ %^ «<}-^^S. "fiolAl^ 0.^**I cfll- ^aoll 'yA>Slfe- ^^21 nl.;^l'| 

^A121 ^4* ^ Sife- 2jol£ 5^421 71-^ %n ±7.}Si\., A^7) ^^ ^;,|.^ jg-^ «J-«J:O.S ^0]Al7l7l ^ 

^ t"^ ^ol «>^a)S^t:l-. 

at!-. ^J-7l 71^ 7.}o] ^'a-(7)^ 2lol£ S^fil 7>iS 7Hu^, £^ ;^>;^ £^ <g 

^ ?l7hSl-ol -8-71 S-i 71-^ 4S.#2l g;^^ ^ii- ^s|-Al?ife 71-^ di;^l-fil- ^l^j- ;^>;9- 

?l7l-3}-7l 0]7|. ^HlSffe 5J0I 



SEt!-, ^'■71 ;Hll ^ ^a. 71^ nfl^ofl ;g:asl TflAjj 5/5E^ 71^^ ^«j5>fe ^-f 2} 'S-71 cfll- ^2:Sl ;i^«ll-i-# ml 
-^■71 ;«lll ^ 7]^ Dfl^oii 7j^o| ^/EE^ 7]^^ ^sjsl-^ ^-f 21 ^V7l v^^ ^^o] :i^vhi)^^ ^2, 'S-7r;tfl 
3^^& 7]^ Dflsiloll ;giLfil 7l|Aj) tf/iE^ 71^^ ^sjsl-fe ;§ o-o^ Aj.7] ^^.s] ^^M^^ m3e\Jl S^- nfl, 
7) ml, m2, mSf- 27^s\ ^i^MirS] ^o] ^i[^]s.^ #o^*<| ^^7] ^ M-^ 7]^ iJH^q 43 ^S. 7]^ 

SVo]o(| 7loigl.fe. S.^^^ ?Jol aV^alSl-cl-. 
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^o1-#€ ^ch^l°il $lo]^], ^7] ^ ^i£L 7m u^m] 4^ S/5Efe 7]^■i: ^SjSVfe Clloll ^^^). ^V7| 

till- ^ZS\ 7fl^^ NAlo) 0.8«>1^HS.S, -^^7] m 7)^ ^vii vfl;^) 7l]3 iL:£ 7)^ ^^7] A] 

1 7)^ ^^^1- *f'42] iJl ^^l-o)) 7]ol*>o^ ^^S}^ ^^^^l-l- ^^^7] 7] 

#«fl olaJl^ a.^! j2,g£ ^ oV;g^ ^/^^ ;<fl^^ol 7}^m m 



Ji 71^- Dll^sl z]-2^-s) 7l^#2l 7IS.C3011 >a-7l nfldli^ ^7) ^ >g 

71^ DdSflo] ^-^ <yAl-^^S«-E-| Z|Z]-o] 7)S,g^l.;,]o] y]^ = j|.o]o]] 7)?]§fo^ ^^Sl-fe 

1- ^7) ^-^^1 ±7.} :aL<H ^^iice) AS. a.^j§>fe ^oj «i.^a)5).ci.. 

^J-71 43 %^o.S.^^S\ 4 :^^ol SL^ ^S^^^ ^^S] ^Sofl ^7] 7lJ& iLAf S.^ '^^'S 

(6)* afl^lsl-fe ?Jo) uV^^s}'^. 

%S.^ ^J-71 7l# 5.^1- iL^ T^»-(6)l- Bplsfb ^o) wl-^^lgf'^. 

-^71 71^ ^711 5.SViL;g ^^(6)^ Bll^lSffe U|.^a)5l.c].. 



A 12) ^^2) Df;.]-^ ;§2|.^ ^^^A1?J ^ ^jo^^ 7}% i;.}!^, 7).^ ^^^^ sj.^ 

«<^«J:AS '€°l^l?|7l ^Hl^F^ 4^2]5}cf. 0)1- .f-sll^ ^ 7,^ ^^^,7,. 

Ji^ 7l# ^^^ls1 ^911 iLSH 7lo]s>^ ^^^svi- :a^t =r -S-^H tfli- f-o) :^«^7(|i- ^^^s}^ i 

;^]-s] 42l iLSK ^^21 42i 2]^ ^^^5] ^si- ^ .g.£ ^2^4 i^^s oitv cfli- f-e] 

^;^1-21 ^^i- ^^M- ^^-i: 2]tV ^-a^sfe) =r ^l^ 91^ Jl-a 



at!-. ^'■71 7]^ ,^ia:(6)^ ^7] ^€-2.S.^El2l ^^s) ^^a]?)?] ^ 

ia^S, ^V7l 7H#^ ^^s. ^Ajer}^ ^^y- g|.^7|. ^V7l 7f-i- ^■;^fo] ^jo] H|-^a|SVcf. SE^, 

^7] 71$ ^Ml A*l-.a.^ =r'a-(6)-e- 2^0lE Sj-q-o] 2j<>lE Sl-uj-S) -^^2:^0.^ T^^jsl°j. 5gsj jg-k 



71$ M.^^ ^^{6)^ ^<H£ SWa] §S 7f^ 7Hd1, ;5}^^ Efe St^ 1 

# ?l7l-5H -^^7) g-i 71-^ ;^a#2l ^il- 1^^Al7lfe g-i 7).^ 4-;^).<q.^ 

1* ^7^71 ^It!- ?171- ^"a-i- ^Bl^fe 5!o) Oil- .fsil^ ;()ll ^ ^S. 71S. oI|^7l- S-fe ;«lll ^S. 

7]^^>?\]S\ iLSVoll 7l^S>^ ^^=1-SH- ^ alfe ^Alofl till- ^21 ^Sl-7111- ^^m^ %n 

43i iL^K -^S) ;Hll ^^)21 ;il]3: iL^H] o)eV ji].;^^] ^ 0,^^ ^t^Till- 

^^^*i-fe ±^}3\ ^^ ^^-t "f-^^m s.^^^ ^ $x^. o]^ m.^ ji-a^ 71 

^-8- ^1 1 ^ ^iL 71^ u^4cifl oV;g^ 7ia. ^/^^ ;^^3ol 7f^3fl^Cl.. 
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?V^Je1 71^ ^/SE^ ;,ll>ao] 7V^*I1^C}-. 



i^7\7\ Al-71 Sl^^ig^ A^S cfl^gfS^ e^eWl Hfl^l^ ^al- 7>Alc^, Aj.7] 271)2) ^l^^) ;t))s.^ ^'•7) X 

1 4i^je] -i-Alo]] Aj7] 271)2] ^S)- ^421 7l)S.2) Aj-7) 4;^ X 2 5«<}-2) ^Aj- cg^ 

^ \ 3 e'8-2] 4^ <g^oi]A^2) S1.0171- tj)^ <g?l 5J0] l3l-^a]3}Cl-. tti-el-Ai^ 4;^. e»^4 :g.D>ol jg- 

^ i4?>2l *Vo]«H) 2)^1) S1^S^JE.S Till ^^2) 4;^- ^.g-ol) 7)0]5|-fe- till- ^2:(8)2l .^^t ^ Si 



'^>7l AJ|>^^> =^'a:(5)€- f-4]€^2] ^^s;\ ^rfls o)^<^)^ ^^s. 7l-^)Dj, ^V7i 5)^ ^^ol] ^7] 4 

1 ^4ii.^S^El2l A^^X IS) ;H)1 ^^O] -aAfS]^ ;g^611 ^-A^Sf^ 4V7) ;H11 ^^21 2l^^# ^Cflo) 5)^^^^ 

^ S)^^e] 4^ ^l-^l- nl, ^>7] ^^ofl Aj-7) ;^i2 ^^o.s-«-El4 4;^^ X 22] ;(1)2 ^^o] ^^^3 
Sl-fe ^1-7] ;*i)2 %^9\ 2)0)2) 2l^4^^# 51-^ 2)^4:3-4 sv^i- n2, aJ-7) S)^^ ^S«>i) 4i-7) ;«1)3 

S.^-^9\ s^y^ X 33) ;^3 ^^o] ^>^>SI^ ^A^s].^ ^^^f^ ^"flsl Sfe 

2] Sj^ n3ole^Il «^ nil. 



I nl I > I n2 I 

I nl I > I n2 I ^ I n3 1 
# °vl-^^1?l^ ?Jol «l-^2)S>c)-. 

°1 ^^<H) ^>7l 5)^d T^Sfe 1^7) Clll- ai^lS 31-144 ^4^Aj.61| ^Ajs)^ ^Jo) h1.^2]5>4. 

^^7) ;Hli ^€-5.s-¥-E-]2] ^^°}-o] -f 45}ii ^V7] ;*ii2 ^ Aj.7] ifl3 ^:a6.^jfE-14 -f^q-sV^ ^fe 
%S.'4 ^7) 41] iL;g ^T^l:^ 51 «I 
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iEiLK 1)-7) ^^(5)^ f-4]^!^a) ^^9^ ^^s. o]^o]^ ^^7)- ^c>]s. tWs) 5)^^-i- 7)- 

4i s\^i^9] 5)^ ^^ol) s)si) ^4 4^011 .^7F£]^ ^ss)-!-, 

<I>bi = nl • (bz, • hl^ + b4, • hl< + be, • hi® + • • ) 

°1) e)3|| ^SlSlfe ^SS> %V^S. M-E).lflfe- ;g^oil{c^7lX^, nl^ ^^7] Tfli 2)^1321 5)^^ ^^ofl ^^7) 2)-^ \ 12) 

o) <a45)fe ^^ofl t^as>fe ^7] 12) ^#2) Sl^i^f- ^tflS] 5Jfe 3)^^S1 S)^ ^V^, hife ^ 

#.^s.H.E^2) ^ol(mm). bz, , b4, , be, , • • • ^ 2^K 4*K 6^h • • • S) ^S^)- t'r 7i)^(S)^^ Tfl^eFJlS 

PD = S(-2 • nl • bz,) 

61) S)«|) ^2lS)fe 5);i ^S-Jl-S) s)-iiq(mm-' )7V cf-g- i)^ -LV^Al?)^ 5Jo) 4^3)5).C}. 
1.50 X 10 -2 < PD < 15.0 X 10 -2 

A^7| <i)2) 5f6V ojAj-ollA^^ ^ „|]^2) ;§M 7l^^>S-6|| ^^Sjfe 4^2) -4ll^SV7> ;^)t|Sl7fl 

o) 5)^1 ^0.0^, f£^ s>^ o)a:f<HlAlfe ^ 7)^ nl)sD2) ;^ij4 7)s^-iJ-ol) ^^s)fe 4^2) *!)^Sf7f a.^ 2)-<y 

'^) S)^) ^fecf. 

^ch7) 'y)^^^)- ^^(5)'g- -a-nfl^i^S. oVttfl^7f ^ ^j^a^S). -y-cfl^^S '>)-«)]^7)- -^^i^o.^ 
S)fec|), Aj.7) ;g^^^2) oy^^ V dP ^ ^7) -?-^2:?2) oi-Bfl^ y dN7]- t:)..g- Aj.g. -S^S)-^ -ai^^Vl- ^^5)-7fl Ji^j 

V dP > 55 

V dN < 35 

£E^, ;H)1 ^^12) 4^0] +inn, ^^gffe ^v^] cfl^ ^2:2)- ^^7] ^.^j ^^t* ^^7i)2) 

3: ^ ^ S) 2) A fBoBJ ^ CA 7V C)-.g- i) ^ nV^A] 7) ^ ^ o) a).^^] s)-C)-. 

I AfEbej + CA • NAl2 I < 0.15(11 m) 



£t^, ^ '3^>^if'°l)'^i " 7)^ ^711 ^7.} ^^(6) ^/H^ 7]^^^^ 7.}o] ^ia-(7)^ #«fl ^^^^^H- 
5)-7))):a.^t^c)-" f^, ^o]S. 7)^ ^71) i!.*)- Ji^^ tiit(6) ^/Sfe 7)^ ^^^0 ^Vo) a.^^ ^'^•(7)2)- cfll- 

-f 3)-SFfe- ^^o) ^ 7]S. Dl)^6() ;giS^ ;,1]A| 7la.g. ^^^^ ,^6(| nfll" ^S2) 

2) 4 ^l-^ 7l)^=^^^o|)^i 4 ^^ii 7)^ Df|^2) 7)^^^Vo)) X ^^o^ ^^g-o.^ ^<^^ ^o.^-^ 4^ Q 0 

7\ rms <^)5K-i'^ w)-^2)5>7l)^ 0.05X rms o]^)o] ^^s. S-^shfe 7)-El?lc).. 



'il-t-^ ^ ^d-^)<^) Xi<^^i, '^'•7) ;0)1 % 7)^ ofl^ ifl;.] ^V7) ;»1)3 ^ 7)^ oll^oll :x^^s] ?!H^S S/E^ 
7)^# Bilol) ^^ev ^c^7) cn# ^2:2) i,;g2) 7])^^1- z)-z)- NAl, NA2, NAS-^jel-Ja "D, 

NAl > NA2 > NA3 

# °v}-aAl?lJ2, >^7) NAm NA2sq- NA32) 7))^ >fltb/^^ ^^J-^ ^a)t^S'«). ^-f 2) cfll- ^iS..;H)i ^ ^^.a 7) 
^ °l)^) iflT^) ;^)3 % 7)^ nfl^o)] ;g^2) 7)^ ^/SEfe 7))>iS# =^^8J^ njofl 2)-z)-2) rfl# ^^2] 41^2) 7B^ 
T<^) ttFe} 7D^2) ^j/^fe 7fl^2) ^sjt 9X^. 
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ll-ef'^i ^12 % ^jja. 7)^ Dl)^ R1 ;H13 ^ ^Ji 7]^ nfl^oll :g:a.2] 7)1^3 "J/SE^ 71^-1- ^Sj5}-fe Z}" 7)^ 

Dll^^J-°il>^iSj ^^^^^S] 3.7]7\ 1^ oj^j-o.^ t:j>,H ^i^ofl^i f-Aas)-^ 3.v\ ^^%\^ ^ 

3X<>\ t^iiia ^ Si^i-. stK €ja. 7))^^ oj^j-si -f uq-gj-fe ^jg-oi) yHsyx) f- 



4.^7) 7ll^ ^^-e- §-41^)^21 ^4^2] -g-cfls ol^o];?! ^2:71- aj<H£ Sl-v+o] 5]^^^ ^fecfl, 

71 ;«fl3 ^ 7]^ u9^oil ;giLel ^fl^ 5/5Efe 7]^^ ^-?-<^) ^c)-7l cfll- ^sal 7^=^^ likZ^i^-^] 

NAHl ^^7] 711^ -f 45)-^ \ 32] l-e|lc>1 %±S.'^, A]2 % 7) 

^ Dll^Hl ^j>i2) 7)1^5 ^/5E^ 7l^# ^8j5l-fe ^^ol) NAIS. l^jHlfe- Sel7fl# 7|)«J-5fo^ ;^)2 ^^-ig AS^E-j 2] af^g- 

X 221 -fsf^l^S. NA2S-?-E-| NAHl tfl-§-S>fe 7fl^ ;Hl*V ^"3-2] <^«-i. f-^Sl-fe ;^12 ^ 7)^ pfl 

7VS °A/^^ ^m7}7.]S. mis. l^jSlfe 2£l7lH- 7|l»fJ-5H ^l3 ^^J^S^E^S] S^^jj- X 

321 ^^-^ -f 4^1^£ NA3^S-¥-Ei NAHl cH-g-Sl-fe 7)1^ ;^ltl- ^^3:21 'S'^^ 43 % 7]^ ofl 

^21 7]^^^±S.^ ^^1 7]<^^:>] Sjro^s. 7|I^ ^i&^S 7l^^4. "l^ ^o], ^3iS. 7:^%-^ 

7||^ ^SJt ^ -S-^^ 711^ ^ig-^ >aSll- JiA7l- Hl^Aj. o.g^g|.c|. 



* t22l- >^^7l ;H]2 ^€21 \ 221 S^Alo^ 4^ ^^yy} 0.07\ 2rmsit^ ^/&^, ^^7\ 7ll^^ N 
A121- ^ol-7l ;»113 iLS. 71 # t32l- -^-7] ;»)]3 ^^2] 4^ x 32I S^aIs] ^^^^^i-?). q.qTX rmsJSicl- ^5)^1 «l-#al 



SEtb. ^71 711^ ;«)1*V/^^ ^7] % 7]^ Dll^ol) ;gjio^ ^fiA^ ^/SEfe 7l^# ^^Sl-fe- oil cfl 

1- ^ZS] AJ.^ 7l)^>. NA2M1011 cH-g-Sl-^ A^V7| 7fl^ ;H1«V^«- =1-ia-2l <g«<:^l <y4Sl^ X 221 1-4^1?) 

-S-^Hl ^'•71 cfl-g- ^2.9] >y-# 7ll^^ NA2S-¥-El NAHl i:ll-g-S}^ ^j-71 711-f- ^^2] <g^oil <yA>£]^ si- 

\ 221 Sl-i^sm, -a-?] 43 ^ 7]^ ufl^joil ;ga.2l 711^1) 7]^# ^ajSl-^ ;g-fo)l '^■71 

CHI- ^2:21 711^^ NA3^°tl cfl-g-S}^ ^'■71 711^ ^^2] "g^ofl ojAl-Slfe al-:^- X 32l ^^-fr f-^l-el- 

^ -f^Hl ^J-71 cfl-i- ^^o^ Aj-s 7fl^>- NA3S.-^Ei NA1°)1 cH-i-sf^ ^o^7l 7)1^ "^^^ll <a>^l-5l^ K 3 

21 ^m5>& ^^dsH£ sj^dl, 7112 % 7]^ % 7113 % 71^ Dll^oll 

21 7llAj 71^^ ^«J^fe ^-f<fl 7l|^^ o]^S] ;<>f-^J9.S ^mSfSS a-ig^ ;g 

€• ^'S^ «A7> Sl<H Hl^-S- -f}-el*}ci.. 



'ir7l 7lli^ ;*il*V/^^ 4^71 7112 % ^jji 7l^ Dlj^ol] ;.^^2) ;,flA^ 7|s.^ ^Sjs]-^ ;§ ^oll >^V7l cfl 

# ^221 7fl^^ NA2^o|l nfl^sl-^ Aj7) 71,^ 7ll€rV/^d«- ^^2] <^^oll <^^A}S\^ a].;^- X 221 ^^S] 7^£2l 8 

0% <^1^^# ^2fAl7l^ f.Al6i] ^V7] dll- ^ss] Aj.^ 7fl^^ NA2S-¥-El NAHl tll-§-«^fe -^71 7j|^ 4^/^^ 

21 -^^ol] ojAfSlfe X 221 ^#21 7^£o| gQO^ o]Aj^ aVAl-g^il, ^/Sfe, ^^-71 43 % 7]^ ^^46^\ ^^^S] 

7m# '^m^ ^-f °fl ^71 Clll- ^aSl Aj.& 7]]^>. NA3vfloll cfl-g-Sffe >a-7l 711^ 4^^^ "t^^] 
<S«^oll <aAl.H)fe X 321 ^^21 7j-£Sl 80% ol-S-* f-^'^lflfe f->^H -S-^l till- ^2:31 7ll^^ NASS-^-E^ 
NAH tfl-g-SVfe ^'-71 71]^ ;Hl*V/^4^ ^'3-21 "g^oll <a45lfe 4^ X 321 %^S\ 7j-£ol 80% ol>8-^ ^VA>5>fe 



iEt>, ^7l 711^ 4Wi^ ^'S^ C)l# ^S2l ^o]^ Sfufo] :^^^Aj.oll ^^^Slfe 5i<^l «l-#3l§H 7ll^ 4^ 

'T^/'i^ ^^i- ^^^51-711 ^Ajt ^ Si"^. 
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^ 711^^ NA2^ofl Cfl^sl-fe ^^AS ^tSl<H ^^°], ^^011 ^oj.^ 0171-SH &;^> 

45^^ ^^Sl ^^^i- z|-z|- s-^a^ Sl^A]^ ^ o;[o.c^, ^/^^^ >a.7l ^x^ ;^o1s. *V^ol >i)-7) i:fl# 

as] A^v& 711^^ NA3S-^E1 NAHl cfl-i-tl-fe <^^2l- ^'"71 Oil- ^2°! 7l]^^ NA3^<H1 tl)-§-sffe <g^^S 

'i^7l cfl# ^Z9] Ajj.& 7i|ip^ NA3S-¥-E-1 NAH "fl-s-Sfe ^7] f-'i Jg^Sl ^^2] ^^^4 -^-71 

Cfll- ^Z9] AJ^ 7)1^.- NA3^°11 cfl-i-Sl-fe Aj7] ^^s^ -f 5ll-s}fe %^S] 2^7^ ^^^^S. 



StV, ^'■71 71)^ ;«fl*V/^4^ ^^^r -^7] tSl^ ^2:2] 7fl^^ NA^ NA2°I] nfl-g-gf^ ael7fll- Jj-fecfl, ^7) 

^ 7]^ o|)^ SEfe- -^71 ;«j|2 7]^ Dll^ol] ;giLS) ;tfl>a ^/^^ 7]S.^ ;g-f°fl 3i^7m 

7]n^±S. A^^t ^ o^^s. ^Ajs]j2, AV7i ^221 ^i-^ 7])^=^ NA14 NA3°)) cfl-g-s^fe ^z]7m 5> 

^V7| ^ oll^ ;^)3 ^ 7]^ nfl^lol] ;ga.2] ^flA^ ^/iEfe 7l^# ^-fofl 2^ 



^islfe- ^o) yJ-^Aiti-nj, o] ;g 0.0)1 ^7] 7ll^ -«-7] t|l# ^254 <a^s S2fl^J# ^o] 

^^3^c^•. nl-al-Al^ o^j^ev EEfl^j ojlcl-. 



^'-^^ ^ 5J<a o(olA^_ AV7) cfl^ ^s:^ AV71 ^1-^ 7fl^^ NA14 ^^7] iJl 7l:& ^^^1 tl4 -^^7) ^g- 

^121 4^ \ IS] S^AjS] ^^=^S).7). a|:t7l- S)£S. ^^). ti;§S)jl, Aj.7] ;^)2 ^ 7)S. u^^6[] ^^9] ;<l]Aj Rl/^ 

fe- 71^.^ 4^»J*ffe ^-^--fl 'S-71 ;«fl2 7l# ^^21- Aj.7l 71^ -j.^,,^, 7]0]sH ^^Sfe 

^^T^aVI- A^V7l 7143- ^^^1 ^}o] ^^O^S. a-AjS)-^ ^Ajo)] A1-71 A])3 ^ 7)^ dJ^S||611 :^^sH ;,l|Aj 7] 

S-^ ^^t}^ ^-^oll Aj-7) ;^]3 ^J; 7]^ ^^sq- Aj-71 71^ ^^|ol ^^o^ ^|.ololl 7]<>]t}d{ ^^sj-fe ^1^=^^ 

^'■71 71^ ^}o] =^^^0.^ JiAjsl-^ 5io] af^2]s).4. iil-el-><-i, tfll- a1]2 2^ All3 ^ A^:a. 

71^. Dii^ioii ^flAjj cEfe 71^^- «l|2i jij: 7l^ ^^fl tH "^H^ ^ iL:^ 7]^ ^ns\ 7]9]t}^ 



at!-, ^'•71 m ^« i^iA) ;^i3 27]|2] ^^^sio] sife ^M^n^, <^]s\- ^o] o^^^si-ig 

SEth ^ch7l 7l:& ^711 Sfo) .j.^^ ^V7] 7)^ = ^ ^^j. j^jg >.^3^ ^^^|. ^^^^ ^^^^ 

^^11- #«iS5l-7)] ^A^t T Xife- al-g- 7lo]t =r Sic]-. 

-g- ^^'g'^l 4^ nfll- ^S, 7)^ ^fo] Ai)^^> ^c^^ 7]^ 7||^ 

^ T^'S^- 44 ^ ^-a ^^121 ^Si-Til oil ^-g-s)-^ ^o] n}^^t}ty_ 



^ '&'^<^] 71 s.. ;,11A§ Aj.^^ ol2^ t}^Q^ ^ ^V^ll- -g-Aj ^/^^ SfA>^ 71^-51.^1^ 

^/Sfe, -g-A^ ^A| 7V^5l-H^ ^A^t ^ Sa^f. <^11- 1-^, ^'■#21 ^ ^v^dl] ltl-# 21- ^ :^<a ;S-A1^,' 
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«IH- l-'S ^Mlcfls) ^4 H^i^o] m 7]^ v^m, DVD, DVD-ROM, DVD -RAM. DVD-R, DVD-RW, D 

VD+RWDf-s] p^]2^^i^ 7]^ DB^ls^-, CD, CD-R, CD-RW, CD -Video, CD-ROM ^s] ;Hl3 % 7]^ 

<H] tfl3l-o^ ^SHE11-*V l-iJ||olo1 iEfe Sefola oli-ol AV7l7l, sl^il ^^Ei, 7lEl. i^l-l- f-o] 



(^11 



£l€r^^Al ^61)21 cfll- ia2:(0BJl)# £Ale> 7ll3f£S, £131 (a)^ Eisl (b)fe#^E, sie) (^.j- 

^tflev s^ojcf. o) cHl- ^^(OBJl)fe, ^j^^ eflol^iSf ^4^J ^f-g-sf 

^ Jl-at DVD f-fil il-at % ^V^^ efl<^1^11- ^l-g-SV^ DVD. DVD - ROM, DVD - RAM, DVD - R, 

DVD - RW, DVD+RW DVD % ^^3.si^. ^2) ^V£^ Bfloj^ll- Af-g-Sffe CD. CD - R, CD - RW, CD - Vl 

edo, CD-ROM f-^ CD "^^^ % nfl§H ^f-g-s]^ nfl# ^ajE^l-sfTll 7l^/7llAjj5l.7l ^ 



€2:(0BJl)fe- 27112] ^«h^(Sl. S2)* 'S^as, ^^^2] ^S^^(Sl)AoHlfe £121 (a)oi] sa]^ 

#41^^ ^ -grcH^sl ?-^7f ^>y5l<H o] ^3.^ £121 (c)oil EAl^l Heflifl 
^^2). :g-o] 4 ^cflfil ;§7iloll ci^VA 1- ^^q-. ^rflofl eflo);q:g-^ 3 ^rflo] ^J-^ofl ^alo] «}■ 

^21 ^(^ "^^A^oflAife olelSV ^EflSl :^^ol) ^3]o) Hj-t§:o] S.^ .. ^cfl 31^1" ^-i-c]-).^! 21*11 ^;gHlfe «j-^o. 
S. sl^^cl-. 



=11* 'fflaCOBJl)* tal-^^^l ^m^^ ^^±S. ^]^^ ^ SiAjas ^^(OBJl)!- ^-g-Sfe -^ii^ollolEi 

21 -¥-^-1: ;§^Al^ 5>1<H 6||514 Esfl^J 6|)s]efl dl*!- till- ^S(0BJ1)21 ^'^^ H^AS. ^SJl" ^ Slcf. 

till- !ffl2:(0BJl)2l HA^^^q- ^Hl-8-^1- £JE.S>fe ^o] 7l-^«fl:5!c1-. iEtV #e1->ii1 Xja^ ^gA^ol ^oog_ nl;il| ' 
* Jl^iS ^A)-t ^ o;iol ^-S- iL^Hl nl-i. ^^7} till- ^2,^ ^ 0^4. 



t!-^, Clll- ^2:(0BJ1)1- -B-el ^2:5. ^AjSj-ig ^£ ^^61] Xl^s. ,g5j.o^ ^ Oj. p □ ^ ^ j,^^. % 

^^3.^] tll^ 7l^/7fl>a|f^'>l] "Jj^oHolE^S^ElSl «j-<i -i-oll ojg|.o^ Bj<g ;g-^]oj ^^yy ^^'t^^^^ 3 ^^^o] <g 

<ao] o^cl-. o.g^ °i^^o_s. 400nm ^^£21 1^:4^ i^o]7.]%d\] ifld^ B.2|.^om. ufl^Ajo] ^0.0 

S., H-at :t tl^^H-g- rfll- ^2^Ai A]£lAjol ^2:1- ^ Sliil-. cfll- ^2:(0BJ1)» -B-Bl ^SS ^Aj§Vfe 
^-f^lfe ^A>^(Tg)o) 400t: o.^ ;,i1s.s Al-g-S>o^ o)^e> ^ O.S. ;^lal-sv^ 5J o] uf^^lsl-cl- o] 

21- :y-o] dll- ^ai- ^Ajs}^ -f A^>21 .^El ^H^iLcl- ^£ollAi 01 A^^o) 71-^811^1^5., Al^Vfi^ ^^om ^ 
^21 ^^ig^ ^o|l -S-Eltill^H, :a3l-2l-5.S t^ll- ^2:(1)21 ^^Hl-g-^l- ^ ^t!^, o]^ o.g^ ^fl 5 e ^ 

^l"^ ^«1- -^slAH 21*11 ^a^slfe PG375('S-§'S)i-l- PCazsCD-f-f) -i-oi 5ac1-. 



£2^ o] cm ^^(OBJl)l- A>-g-*v ^ ^J^KPUDl- SAleV 7mz°]^. 7]%^ ^^7} c1-# 3^^^ % 
Cl>i3?] f--! 7mo| 7}^^ 7]^ a^£7l- 7l-^J- H'SS DVD'?] ;<fll ^ t^^3(Dl)21-, f-"^ 7l^ol 0.6mm?] 
DVD if^s] 42 ^ cl>.3(D2)2l-, f-'g 7l^ol 1.2mm?] CD -ff^2l ^fla % t]d^3.(D3)7} SXt^. 
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ita(D2)2l 71^. t^Jjsl-^ ^)2 efloMi(L2)52l-. ^l3 ^ ^^3.(D3)S] 7]^- 

/^-^^^ % lr^e^• ^^^^ ^^^cf. 

eflol^l(Dl)^ 400nm eflol;^-]^^ #^^51-^ GaN^ ^7.}^ z^o]x^o]xi^^ c^^^ s^^^ 400nm ^j£2l 

^^'^Ssffe- GaN;^ eflol^i ojaiollE 2*1- Jia?:^* ^j^e}. shg ^^}^ A^]^^ ^-g- . 

^i(LD3)^ 4^'- 780niii ^^£2) eflol;^-]^^-^ t^jSl-^ 2i<q hV£^ jfl o) x-] o] c)-. 



cfll- ^S(OBJl)^ Eflol^i(LDl)S^Ei ^}^s\o] ^s]v\]o]B] ^Z{CL)^] ^Is]] ^^-sl sgsj ^g-^lr^ ^ 

^3(D1)21 f-^ 7l:&# -fsll 7l^ig(Drl)'^oHl 4l 7ll^=^(NAl)Ml^l^i S]^ t!-7llifl7)- Sjt^ ^^sj-ji, 
^ eflol;^(LD2)S-?-Ei 4t£]fe "^^^J ;Hl2 ^ ^1^3(02)21 7]^ 7l^^(Dr2)^'-oll 4Z 7fl 

T^T^(NA2)ifl'>ll^i 5]^ *V7ilifl7l- £l£^ ;*J^5).B]_ eflol^-l(LD3)S-!f-El 41-=]^ ^^1- ;Hl3 ^ 

D3)2) f-t^ 7l:&* -f g|) ;gJi 7]^^(Dr3)^c^oll 43 7l)^^(NA3)^°)l^i l>7i]Hl7l- S]£^ ^^Sffe ^^S., NA 
l€- 0.80 ol^o)Jl NA2fe- 0.60 M)^) 0.65 NAS^a: 0.45 0.50^S SJ<H Sic)-. 



3(D2) ^ ^13 ^ c1^a(D3)oll nflsH ^h-f- Tie]!- ^ii- ^ sx^. 



. cfll- ^a(0BJl)2l ^^^2] ^^'^{2)^M S]^ ^2^, £12] (a)o11 EAlsl ^^^sj .^^o.s-?-Ei ^^-i- «J: 

3H ^ «^^3(D1) ifl^l ;tfl3 ^ c]>i3(D3)2j as. ^ cl^Holl 7ls/;,|]Aj^ clHl Aj-^s)^ NA3>flo|l 

tll^sf^ -^-f <g^4. ^1 % i^^a(Dl) ^ >II2 ^ cliH(D2)°l] 7]^/4^^ ^«j3l-fe cll'=fl >^l-8-slfe- NA3 vfl^l 
NA2<^1 ^ cIa^^^dijo)] 7l^/;,i]>g^ ^sJ^Vfe Bflofl Aj-^s]^ nA2 Ml^^l NA1<H1 tfl-§- 



350nm < X B ^ 420nin 



°l2f S-'*! ^^ofl eflol7;-1(LDl)S.-?-E-j a>#^ ^^o) <yA>E]fe o-ofl 2^> Sl^^^ol 2lt:fl2] S)^ 

^'■^SSlJI, Efll- 2^} 3)^4^^ ^11 % c]>i3(Dl)2] 7l^/;.l]A5-8- HjA^Ai a 7)^^ 

(Drl)'^oll ^^t!-'^. ^VE^l £-llol^i(LD2)^^Ei A>t-^ :g-^o) -yAl-slfe 17.} s\^A%o] ^tf\s] s\^i^^ 

# cfl^ o) i^y s\^i^^ 42 % t^^3(D2)2l 7]^/7i^^S% ASA^ a 7]s.^(D 

r2)-a-°il -SrS^ eflol^i (LD3)S^Ei Aj-f-^ ^^o] ■yAfs)^ i^} s]^%o] sjcflo] 5)^4^^^ 

^^A^Sjn, nUl- ^S(l)^ o) 1^1- sl^i^l- ;H13 ^ c| ii:^^ (D3) 2] 7l^/;»llAa^ U o.^a-] 71^.^3 (Dr3) 



Oli^- ^O) -^-f 'g^'^l ^-l^^ ^2l<^Al ^VAjjsJ^ s|tfl 2j^4^2l ^V^S 

I n2 I = INT(\ 1- I nl l/\ 2) 
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I n3 I = INT(A. 1- Inl I/A.3) 
I nl I > I n2 I > I n3 I 

IINT(\1- Inl I/A.2) - (\ 1- Inl I /X 2) I < 0.4 

I INT(\ 1- I nl I /X 3) - (X 1- I nl I /X 3) I < 0.4 

nl-g- 0, ± 1 c>]S\s\ ;y^olj2, iNT(\ 1- I nl I /X 2)^X 1- | nl I /X 21- tV-i-^^H "^ol^lfe- ^^r^]^ IN 
T(X 1- lnll/X3)^Xl- Inl l/X3*«!-i:^Sfo^ "M<H^lfe^T^o|4.) 

i-^, "iPS^ eflolxi(LDl, LD2, LD3)^ ^^l" 405nm, 650nin. 780nm^ ^-foD X BS. 375nm^ 

405nfnS| 2*> sl^^S] S]^ Jl^- : 93.0% 
650nmfil l^V 5)^^21 3)^ JL^ : 92.5% 
780nmSl 1*1- s\^i%S] 5]^ jL-g- : 99.5% 

NA3 vfl;*] NA2<^1 cfl-g-sVfe ^ll <^«o|] ^^i^ ^^oUs ^.g. <g^oi) ^a^^ s]^^ ^^sq. p1.^>7Hs., 
350nm < X B < 420nm 



HtK ^12 ^l^ofl 5l;a ^2:ol]A^ ^>?|Elfe 2]^^^ ;Hll ^ c1iH(Dl)oII cljoll 



405nm < X B < 425nm 



Scf. ojal- 5]^ ^^611 5l|ol^-l(LDl)S^El #^1-^ %^o] <a4E]fe ;§ o-oi) 6^)- 5)^i^c>l 

^^^JJSli^, wVE^l 5l|<^1^1(LD3)^-¥-El ^^o) ojA].s)^ ^.foll 3^^ sj^^o) a^t^s] ^^^^^ 
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•^l* 1-^, Eflol^(LDl, LD2, LD3)^ 405nm. 650nm, 780nm?] ^-f<^] X BS-^i 4^ 4i5nm 

405nm2^ 6^} s\^%o^ Jl^ : 93.0% 
650nm2l 4^:} s\^%9\ S.^ 90.9% 
780nmfi1 S^V S|^^2l 5)^ J:^ i 88.4% 

390nm < \ B < 420nm 



•^ll- 1-^, efl<^l^i(LDl, LD2, LD3)^ 405nm, 650nm, 780nm?] ^■f'^l X BS.>^i 4^ 405nm 

7} ^eiS)^ z]-z}-sl ^ 1^^321 7]^/7^^S% "S^ S]^ jL#€r, 

405nmS] 8SV sj^^s) sl^ Jl^- : 100% 

650nm2l 5^1- ^^^2] 3:# : 99.9% 

780nm2l 4^} 5)^^°) Sl^ £:■§■ : 92.5% 

H^h ^1 ^ ^2 ^€ 'S^oil ^^j^l S ^12 ^€ <^^* -f 45}o^ ;t)]3 ^ ^^^3.{m)s] ^^a. 71-^ 

^(Dr3)^Hl S^Sffe efl o) (LD3) S-^-E-] Aj-f^^ ^^ofl cflsH ^ T^^^^V7f ■^7fs]£^ ^i^S]'^, ^ 

•fi 'S'^* ell<^l^i(LD3)S.-¥-E-l ^ c1^3(D3)s1 7l^/7)l>8o|l a}^^^ t§ 

'Ssfe ^iE^ efl<^1^1(LD2)S-^El ^ %^<^] tflsH ^ T"^=r^l-7}- ^7l-£)£3- ^^i^^, ^2 <^^* f-4 
*>fe i!flol^(LD2)S-¥-El 4t« ^12 ^ 1^^3(02)21 71^/;«11>8<>I1 ^l-g-sl^ ^^s] %^^6\] 7]<^i}7.] 

olSf ^a-o] ;HI2 % cl^H(D2) ^ ^13 ^ t^^H(D3)°ll 71^/7)|a^# ^sj^Vfe ci|o)l a>^£]^ 7]]^=- j^q- ^^sj cg^ 
* -f ^^^1 ILS]S. # ^^^^Vl- ■¥-7FSl-o^ #el|ol >y^o.^ Sl-^ ;il"g-^^S 7l|^ ;tllt!-ol ==^8j5| NA2 

?3 NA30II tfl-§-5Vfe Its ^^It lA7f ^^]3\ ^2:7} ^^fS!i7i{ n\^2^^t:^. 
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Sj^d^o) ajctle) 5)^4^^^ n 5)^^ ^^M'^, 2^y Sl^^^-g- ol^s].^ ;g 0.0,] h]31] ;^]2 <g<Moi)A^ 

21 ^^011 4^c)-2l 2.5Hllolo^ aV^^l Eflo);^^(LD2)S.-^El ^\^^ ^#0] ;Hl2 <g^oI1 ^^^=1 S]^i ^S:^] ojA]- 



^S-Sfe HVtsll Eflol;^^(LD3)S.-^Ei AV*€ ^^2] ;g^oil sf^o] i shHoIo^ aVE^D 5ll °1 ^-1 (LD3) S^E^ '^l-t^ 

^^011 ti).^ tslH ^j^ol 1^1- Sl^^oi) ^efloi A^^2^ a^^^S. ^2lElfe -S-Aioii 4 

zl-21 sl-^s) 21^4 :foi] ttfel-f-sllol 7j.Ei. a).^] ^ ^ 3X^s.S.. ^ ^t7l(PD2)o))AlfiJ aijis] oHeji- q^;^! 



U ^#a|El(BSl)l- -f 4t> ^, «e1"fl«lH ^a(CL)°fl 2]sfl sgsj ^^0.5. ^^^ji^ ui ^f-2lE-1(BS2), 

wj ^#5^E1(BS3) ^ £Al£);^) Sel7l)» -f-uil-t^ ^, cfll- €2:(0BJl)o)l m % c)>.a(Dl)2l f-'i 7]^^ 

-f 311 7l^^(Drl)^«Hl ^-tJ^-H ^^^€4. "fll- a ^^o]] apl^a •ai'^ofl 0I E^ (AC) ofl 2l«|) i 



nElIl, 7ls.^(Drl)°llAi SlSol) 9]n 1^2^ aU). ^^^^ cfA] Ojl- ^2:(0BJ1), 2el7i HJ a.^^ 
E-|(BS3). wj ^SslEl(BS2)l- f-4t> ^, #e1]°1]o]:E ^i(CL)<^1 2I3II ^^o.^ ^^5].:^ ^^e] 

El(BSl)ol1 2]«il «VA}S1H -a^SE^^ ^2:(CY1) ^ ia2:(Nl)S -f ^S^-l^ Hl^^^f7V^oiSl<H ^ ^#7](PD 

^^€4. :iHlJl, ^ ^t'7l(PDl)2l AlJLl- ol^sj.^ :^ cl>.H(Dl)«fl'<:ll^ ;g:a.2l 7]mm-%: 



^12 ^ t^^H(D2)<^I iflt!- ^^iL2] 7l^/7ll>a^ ^-foll HVS^l eflol^i(LD2)SJfEl tAj-sl m-Aj. 

MJ ^■tSlEi(BS4)# •f-SftL^ « i^l-2lEl(BS2)°11 2] si) aVAl-slJi, aj ^.f-EjEi (BS3) % ^^]^^] %^ 

22l7fl# ^, ias(OBJl)oll 21311 >1]2 ^ •:^>.3(D2)2) ^tg 7)^^ 7l^^(Dr2)^<^] 
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aE]J2, 7l^'a(Dr2)oil^1 3l|Eol) o]Si] ig^s) H_U1. c^-a) cflf- ^^(OBJl), Se)7l], «] >;f-El 

N(BS3)1- ^, «^ ^#£lEi(BS2)°)l ^MM ^, «^ ^1 ^l-elEl(BS4)°l) hVa}s1>:^ 

^ ^2:(CY2) ^ iL=- ?!^(N2)1- -f Hl^^^f7f-^o^s)<H ^ ^t'7)(PD2)°ll '^^^t^. ZL^H, % ^^7](P 

S(OBJl)<>i] s]sii ^13 ^ ci^H(D3)sl f-'S 7l^# -i-sil 7l^^(Dr3)>a-6|] ;g^s)oi ^^^o] ^^^434. ' 

^eljl, ^Ji 7l^^(Dr3)oll^i ^M. 2]^ HVA)- c}.A] cfll- ^S(OBJl), 2e]7lll- f-s]-*!- ^ ^ 

^ Ml >.tE^Ei(BS3) ^ D itE^El(BS5)oll MV^sl ^^(CY3) ^ SL^ ^a(N3)» f-4 

SH «l^^*V7l--^o^Sl<H :t ^'i'7l(PD3)<^l ^^^IC]-. ZLS]J1, ^ ^#7l(PD3)2l %^ ;H|3 i^- cl>. 

3(D3)oll cfltJ- ^i2] 7]^/7llA!J^ ^sj^ >^ o^u^.. 

^ ^J-Al(PUl)fe 5flo]^-1(LDl)iil- nfll- ^^(OBJl)^! ^o], &fl<>l^i (LD2) 2f "fll" ^2:(0B 

J1)S1 ^o] 5) 2.|lo|;^-](LD3)2]- ^2:(0BJ1)S^ 40)0] z^z^-aj ^g-^f-oll SaIs];:^] IM^l-^J-^i- 

(^12 ^^1 ^Efl) 



£3* -g- ^Efls] cfll- s!]a(0BJ2)l- £Al*V 7l]3f£S, £32] (a)fe ^j-gS, £32] (b)^ ^-as, £321 (c)^ 
^^1: ^cH?}- s^ojcf. o) ci|§ ^a(OBjl)^. -Mil- 1-^ 4°]^]^ ^-S: 

Jl-as DVD ^21 Ja-SE ^ aj^-q ^>E^ efl<^l^* H^n^- DVD, DVD-ROM, DVD-RAM, DVD-R, 

DVD-RW, DVD+RW f-2] DVD -ff^2] ^ cliHS^-, aifil aVESfl efl o) x-^ a x).-g-§>^ cD, CD-R, CD-RW, CD-Vl 
deo, CD-ROM ^S] CD -ff-^2) cj^ao]] cflsH ^}^^^ ^^S. ^3iEll-SWl 7)4/711 ^§51-71 



tfll- ?!S(0BJ2)fe ul^^-y 271)2] ^Sh^(S3, S4)l- ;«l]l ^^l- 4i^KL1)2)- 271)2) ^^^(si, S2)l- ;«1) 
2 ^n±A(L2)S. cfll- ^^s, H)^^<?1 71)2 4i^KL2)2) ^Sh^CSD^oH)^ £32) (a)<^] Ea) 

€ f-^j^s t> ^rcfl^s) 5|^4 ^^7)- ^A^s)o) 5^^-. o) s)^d £33) (c)o)) £a)^ -aefl 

1 ^2:2)- ^o) 4 ^cDs) ;g7il611 "J^^^S la^fA * -g-cflol] ojAf^ xsflol;^^^^ ZL ^tq) b)^)6|1 s]^ 



^11 4i^f(Ll)2)- 71)2 ^41- 4i^V(L2)^ '3-^d-¥-(M)°ll m ?^^(«^)5)o) o^c). >g^;a«.(M)^ o|^eV a^ 

%n ^1-^121 =r^?l 1j-1!=2) ^^) ^^^^0)4 «j-^o) H^g-ass. ^sjt ^ 514 



cfl# ^2:(0BJ2)fe ^-a) «VE^) iN]o);(1s.-^Ei Al-t'S)fe ^vav DVDS) 7)^<aAj.oi] ;5j:g-5)-ji, 2jfi) h]-s.^) 

^o|;5)S-^E-1 Af#s)fe- ^^.g. CDS) 7l^^>y.6|i :g^^cf. o)s}. ^o) cfl^ ^aofl ^a}. ^^o] ojAfsjfe ;g 
^ofl S!!fl?J ol)e1o)l S]n t^^S)^ 2nl-^^V7)-^7l)7)- ^Cf. 0)5^°, ES))?J o,1b)611 3)5)] hV^^] e-llol;^!^) »^%^6\] cfl 
«i)Ai 0)1- ^2:7)- ^^^^-^l cHl- ^22) ^<2)l.^(i^^(^^^)ol S\7] nfl^ojc)-. n).S^Ai , ^VA). 

^as) ^Tfloll 5ao)Ai <Jf^^> Ezflyj S-A^^ ,^71 ^A^(^1-j7 ^Aj)o) aaj-^^l-l. ^7^3)) 

1^71- XlC^. I^Dl- ^^ol) «J-^V ^^o) ojAfH)^ ;g^ol)^ Sg«J ^#0) <aA).E)^ ;g o.oj) al8|l s.Ajo| 3^]- ^^^o] 

?)^]fe mo] 9X^. ns^^]. tfll- ?!2:(0BJ2)°llAife Till ^^ ±?.}(U)^?]]2 %^ ±^\(L2)S. ^A^s)fe 

^A^^V^S^I ^^o.3^(^^^oj J3VDV+ CD2) ^2) S.Aj2) ac'f^SV* o^^S)- 
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Til £L^^<=^ DVD^ CD21 7]^/4^^:\o\] o^S.^ Ssfl^J -^^^^ ^-i- ^ Si^f. 



^^^§1-71 <^l-§-sffe SPDT(Single-Plont Diamond Turnlng)2]- l-Hj-f ^l^i ^l«-2] cl- 

^M&s. vi\o]E.s. ^-i+Sl-fe- o^S. ;*fl^^t:l-. nsluf sPDTofl s]^ 7l-^o)] jao^A^, ^t^-a-^H) ^^]7} ^ p ;§ 



<^V*a), ^Hflofl SPDT<^1 filt!- 7h^o)) o^o|A^ «^oi| ojev efloi^t] aie) o)^ i# ^^Is]-?!- ^M]7} s\7.] 

%n ±.7.}^ m ^^^51-71 °i-§-sife ^^s) ^ii^^oi 71$^ o.^ 71-^-siixi^ ^^^s. ^-^o] <§^% 



«>Io||, cfl-i- ^2:(OBJ2)oilAife;H]l ±7i}(ll)$\ 4*1 (PI) (mm )i4 ^2 ^^l" ^^l-(L2)2l 4^-l(P2) 
(mm-')«, 

I P1/P2 I ^ 0.2 

» °>^Al7l£^ ojcf. :^«^<a(Sl)>^i-o|] 5]^4 ^"27^ ^^j^ ^;^1-(L2)2^ ^"l-* JS^^sfTll "i^i^^ 

2h-§-«- Tll^^fl'^i ^;^KL1)7> ;^lu|7ll t<^l tt)-B}- cfll- ^S(0BJ2)2l % ^^3.^3] ^4|-'S(S4)* °W 

'i -f ^o)7l- JH^^IJI, ^2:(0BJ1)4.^<»1 ^^^^^hfe ;g£2l al-^ 

71 ell- ^isf^cf. 

<^]-^6l, ^12 4i;^KL2)el 4^-1 (P2)^ ;<1]2 i^KL2)* ^^^<^ 4l ^7^(U)<^] "a^fsl^ 
^■i- ^7)1 f- ^ 9X^^, oH nl-Hl- ;H12 4i4(L2)2l si^gS ahof;^^ tfll- ia2:(0BJ2)el ±^^<^ -B-el5>c).. 
^^'^(SD'^l ^2:^ tfll- ^2:(0BJ1)21 ^S|-^(Sl)'a-°l) ^Aj^ ^£2]- .§-<ye> Af n ^«il 

£4fe o) cfll <a2:(0BJ2)* 4-8-^ ^ ^^1 (PU2)1- £>^RV 7fl^£oli:l-. 
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5., o^7l>«.ife ^ (PU2)«fl ^tb ^o^-^fl^ ^"i* 

2f ^^Aloflfil i:fl# ^SoilAisl Bl^^^ ^^^^ X^. fJ-^Sl ^o)^ h(mm), ^^^2] ^f- 

1 



2 



93«-<^ t5>^, S. EE^ £^ofl>^ife 102] ij-s'S) S^ofl E(£^ e)l- ol-g-Sl-<^. ofl-t 1"^ E-02(= 10 ■^)^- 

z)- ^A]ollo] z)- ^3 cflo]Ei ^oflA^fe, r{mm)^ ^V^, d(mm)fe ^ N\ 1, NX 2 ^ NX 3€- 4 
^ X 1, X 2 ^ X 3<HlAlfi1 V dfe d'id'^l'Hsl ^Hf'fitf. 

(^ll;a^H) 

3 ^ Cl A,3(D3)d() C|)^ A><>J:^ z|-z|- 
NAl = 0.85, X 1 = 405nm, tl = 0.1mm, ml = 0 
NA2 = 0.65, X 2 = 650nm. t2 = 0.6mm, m2 = - 0.03 
NA3 = 0.50, X 3 = 780nm, t3 = 1.2mm, m3 = -0.14 

NASMjoll -^-f <i'^ ^ NA3 vfl^l NA2^<H1 ^-^^^ <^'^<^] ^^^^ s\^i ^22] s^^^ \ B 

2}. 7.}^ nB^ ^^\B = 415nm, nB = e^l^l, NA2 ^^1 NA1^<^] ^"^-^^ 42 ^^^^ n^i 

^221 ^aj^ 4^ X Bfif *1-T^ nBfe X B = 405nm, nB = S^]^. 
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iVESfl z\]o]7,](im)S.^^] 650nm2l efl<>l^-1^<H] cflsV 47.} s\^i%, tVs^ 5flol;^i(LD3)S.^E-1 Aj-t^ jsOn 

D2)S.-^Ei A>^^ eSOnmS) eflol^^ofl 5^1- ^£^1 efl ^1(LD3) S.-^-^^ ^t'^ TSOnmSl Eflol;^]^^!) 



<^l2f ^o] ^^j^a 51^4 ^2o)l X 1 5nm ^ 410nm2l e|lo];^^^o) -yAfs^ia £52] (a)oll SA]^ ^^^^j-^ 

2) till- ^soflA^fe- ai iL^^7y ^o]:^]^ »8-<8=o.s «3^si-fe- ^-S- -"l^^l-si ^^a- ai#A^-i- ^Jh^. ^ o^*q, x 

1 ii4 5nm 410nmSl eflol^i^t^) "a^l-SlSii- ^s] S^H^iSl ^^S^^(A CA)^}- ^^7] ^^KlS.^ 5nm 

4^ 410nin2) 4°]7\%o] <aAf£]5J^ a|l2| NAHl cfl-§-*l-fe oW'i ^-ide^ SA)<»1 



- 1 < A CA/A SA < 0 

?1 ^Jfll- tt^e^- HVE^ i!flol;<1(LDl)7V SL^ »^ ^^]3] ^t^?} ^^7^1 

^S7|- sjc^. <a^7lA^, BJ| StH^S] -S^^CA CA)^ £52] (a)2l 405nm, 410nm2] ZL^^S] Sfi^fe] olf-S-O.^ i^Ef 
^oi^l^H, ^^21 ^^^(A SA)€- 405nm2^ :2Zfl = * a 5l-<a-°l 410nm2] 3Zl|£.2] t}^6\] ^7^:^]^ ^^V} 



-5.0X10 -2 < PD< 2.0X10 -2 

1- ^^'^I^IE-^ ^^t-^S.*«|. ^S.n ^o]^(Lm)^ ellol^(LD3)2l J2.S. -|-o|l tflt!- ^^^^^2] <i^7l- 
5H:^1^1 s).ojcf. 

H^, (b) 53 W-Hl EAUa ^^^sl-HoflA^ ^ ^ 5J^^, ^2 ^^^^ ^VH^ 5ilol^(LD2) 

>^12 -f afl°1^1(LD3)5.^Bl 780nmel ^0]^%^ M]3 ^ c]i3(D3)2l 7]^ 

^'^^fl'^i NA2 ^ NA3011 7ll^ psfltVo) o.^ 

[51] 

^11 ^^Hl 

al-^X 1 = 405nm?l ^-f 

2:^ TIE] fi = 2.00mfn. NAl = 0.85, ^^afli: ml = 0 
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2 = eSOnm-a ^-¥- 
2l^ TlEl f2 = 2.07mm, NA2 = 0.65. ^-^^-t mZ = -0.03 
J^^X 3 = 780nm?l ^-f 

2:^ f3 = 2.07mm, 711^=^^ NA3 = 0.50. m3 = -0.14 







ddn) 


1 


NA2 








0 




dO OVM 


















i. 52469 


1.50661 


1. SOBOO 






t 


-2. rsss 












3 • 


CO 


Hi w.-'i 


I.GI9S0 


1. &77SS 


1. S7M2 


mo 




4 















A2-650d« 


A 3-7B0na 


■10 




fl;t. 0201 


19.M7J 




a 1000 


0. 6000 


i. 200(1 


(13 


0. 7DSS 


0. S21T 


0. S$53 



n^^}^- ^1-MV;§. ^^^n- a]^^:^^. Tfl^ 



h 


0:Sh:S 1. 3S 


h>l. 35 




fi/4/'3 


8/5/4 


A B 


4 15um 


40.'>na 


r 


K XSSI 


1. !6(>0 


dt 


2. 2000 


2. 20 00 


«c 


6. 403SE-01 


-S. 8616E-01 


A4 


-5. 976aE-0'l. 


-5. 4913E 03 


K6 


-4. 75C4E-Gij 


-7, 08$0E-O3 


AS 


-1. Z137B-03 


4, 99G IE-OS 


AlO 


S. 8511E-04 


1. 0B&2h'-03 


A12 




-Z. 9C82E -04 


AM 


3. 389SE-05 


-I. 2S&6E-0r. 


AI6 


-4. 669BR-nH 


-G. 3G29E-0S 


AI8 


2. S452E-0S 


2. 4493E-0r. 


A20 


-4. 8G20E-06 


-2. 6949E-06 


b2 


2. 3ai8E-03 


I. 0991E-O3 


b4 


-a 9867 E-04 


-5. 19Z3£-p4 


b6 


-5. 324BE-04 


-2. K692E-04 


bS 


-6. 218IE-05 


-2. 3236E-0& 


blO 


-A. 6234 B-06 


-2. 85136 -06 



^12^ 



K 


••4. 3900EI01 


A4 


1. 0752B-01 


A6 


-S. ia22E-02 


AS 


-1. 1890e-02 


A]0 


J. 9G50E-02 


AJ2 


-2. 2078E-a3 


AJ4 


-2. 4657R-03 


AJ6 


6. 4 120aM)4 


A18 




A20 





- 51 - 



■^711^*1 ^2003 - 0030926 



NAl = 0.85. \ 1 = 405nm, tl = 0.1mm, ml = 0 
NA2 = 0.65, X 2 = 650nm, t2 = 0.6mm, m2 = - 0.02 
NA3 = 0.50, X 3 = 780nm, t3 = 1.2mm, m3 = - 0.15 

NA3ifloll cfl-S-Sl-fe ^-f <3<M ^ NA3 ^^1 NA2^oll nfl-§-§l-^ 5]^ ^22] s^^^ x B 

<4 ^^S^ nBfe- 44 \ B = 380nm, nB = 2o]^. NA2 ifl4 NAUfl^ll cfl-g-Sl-fe- 42 ^€ <a^ofl ^^^^ sl^ 
^2iS\ ^^^3[^KBSi^^^^n'^ nS^ 44 \ B = 405nm, nB = 2ol4. 

44^i, 442) «g«oll ^^^^ Sl^ ^^ofl^i^ ^<>]^{LD1)S.^^] 405nm2l eflo);^^^oll 2%\ S) 

5llol;^-l(LD2)S.-^E-j A].^^ 650nm2l eflo];^^"^! nfloV 1*V S]^^, aVt^l efl <>] ^1 (LD3) 
780nmSl el|ol^-1^<fl i:fllV l^V Sl^^o) zj-z]- Sltflfi] S|^^^-g- '^^^r:^. 

■& ^^l-^ilSl i:))!- <a2:Oi)A^^ ^2:21 4^(PD)-i 

0.5 X 10 -2 < PD < 5.0 X 10 -2 

1- nV#Al7l£^ ell°l^i(LD2)'4 efl o) (ld3) 2) l-o)] cJ) *> ^ ^9" ^2) UJ-?]-;^! 

q-^iTii ^s.^ sysaci.. 

Stb, £62) (b) ^ (c)°fl ^^>.s).£o)]Ai t ^ Sife ^12 ^-fi <3^^- -f ^^£^1 sflol^i(LD2) 

S-?-El A].#^ 650nmfil zflo);*!^^ >||2 ^ i:]^3(D2)2l 7ls.^'S-6ilA^ ^ell<H a^§.o) 51 
^12 <S^# -f ^\o\A{U)^)^^-^^ 4t€ 780nm2) efloj^^:^^ ^ cl>.a(D3)2l ^.S. 7)^ 

^'^MlAi -SeflcH Aj^o] s) a.s, NA2 ^ NA3oil cfl*}- 7H^ ^Hl^o) 

[5:2] 

;«fl2^4°il 

1 = 405nm?! 

2:^ TlHl fl = 2.00mm, ^^!^ y\=^^ NAl = 0.85, ^^Hfl^ ml = 0 
s^^X 2 = 650nm?] 

f2 = 2.07mm, -^-^ 7)1^^ NA2 = 0.65, ^^h|)^ m2 = -0.02 
4^X 3 = 780nm?l ^-f 

21^ Tie] f3 = 2.06mm, -S"^ 7fl^^ NA3 = 0.50, m3 = - 0.15 



- 52 - 



-^2003 - 0030926 







dba) 


1 


HA2 


KA3 


i/d 




0 
















2 


-2. 3S73 


<12 (71 'i!) 


1. 52469 


1. sassi 


i. 


S$. S 




3 
4 


oo 




1. 81930 


I. i775ll 


1. &Tn«2 


0 







A l-'40»na 


A 2>C50nn 


A 3^?80rai 


dC 




87. 3H4 


15. UM 




0. 1000 


afiOOO 


1. 2000 


<l 




a $094 


0. 3S53 



^^^f^- ^1-HV;§. iffla^^D- Hl^^Tfl^- :^^^;^)^ 



h 


o^ri£ 1. n.s 


h> I. 35 


n 1/02/03 


2/1/1 


2/1/1 


AB 


380nti 


405nai 




1. 3710 


1. 37CG 


dl 


2. 2671 


2. 2C34 


K 


-S- M-tSE-Ol 


-5. 68I2li 01 


A4 


I. OlSSK-02 


1. 638SE-02 


AG 


6. 8473E-03 


I. RO95E-04 


A« 


-6. 8834E-04 


2. 770 6 R- 03 


AlO 


1. M20E-03 


3. 3729F.-0/1 


A12 


5. 5347B-04 


-3. 4 1 n E-04 


AM 


- 1. OOa7E-03 


& 419SB-0S 


Aifl 


5. 232rK 04 


"2. 0012E-OS 


AI8 


-6..927YE-0'J 


2. '20a8H-05 


A20 


-6. 3930E-06 


-6. 0K39H-0G 


b2 


-7. BX3&E-03 


-G. ei7'3E' 03 


M 


I. 2749E-03 


I. 8707E 03 


bO 


1. 6024E-03 


-4. 2by7E-04 


b8 


-2. 8326E-04 


1. 0O8CE-O3 


blO 


I. %S08E-O4 


-2. US()fiE-04 



K 


-2. 4S28Et01 


K4 


4. 3f>24e-02 


AC 


-7. 283RK -03 


AS 


-6. 8737P.-03 


AlO 


Z 9824E-03 


A12 


-1. 6397E-0S 


AM 


-1. 6456E-04 


AIS 


1. !>141E-0S 


AIS 




A20 





(X|3-a>«H) 



- 53 - 



^A^^ ^2003-0030926 



NAl = 0.85, \ 1 = 405nm, tl = O.lmm, ml = 0 
NA2 = 0.65. X 2 = 655nm, t2 = 0.6mm. m2 = - 0.04 
NA3 = 0.50. A. 3 = 785nm. t3 = 1.2min. m3 = -0.14 

NA3^°i] cH-S-sl-^ ^-f ^ NA3 ^^^l NA2^'^] cfl-§-5fe ;Hll ^^ ■^'^ % NA2 NAHl tfl-g-sj-fe ;^fl2 ^ 
^ 'S^'^Il Sl^ alaj^l- 3l-^J-\Bal- ^^isl-Sf^ nBfe ^l-^^ \ B = 38Gnm, nB = Z^]^. 

^^j^l -^-aollAl^ wV£^l Eflol;^i(LDl)S-*fEl Afts} 405nm2l sfloH^oi) i:fl*> S| 
6l]ol^-1(LD2)S.-¥-Ei 655nm2l Eflol;^-)^o]l cflev i^). S];^^^ efl o) (lD3) >^V#€ 



o]^ ^o] sl^i ^2:ofl X 1 lic1-5nm ^ 410nm2l ^AfS-l^ £72^ (a)o)l SA]^ 

ojjcq sSls^H-^i^ i7H>i7l- ^o)-;^!^ t^si-sl-^ ^ev ^-^J- ^=^^Ve^ 4^J- 

\ 1 .an^-Snm^ 4^c|-410nm2j eflol^^^o] SJ^l-slSi* nfls] aj) ij^l^^o] ^^%=(ACA)4^M 4^ X 1 .S-Cf 5nm 
^ 4^ 410ranfi1 <a>^l-SlSJ^ ^S] naH tfl-g-Sl-^ o};^!!^ ^^^(A SA)"] 



- 1 < A CA/A SA < 0 
0.5 X 10 -2 < PD < 5.0 X 10 -2 

» t>^'^l?l£^ ^^^.^S>«i, aVS^ £11<^1^1(LD2)M- ^>£^1 efl o] (lD3) 3j ^ofl c)]e> ^^g- a^^o^ <g^7]. 

sH^i^i s^^cf. 

SEIi. £74 (b) ^ (c)oil £^1^ ^^^^f£°ilAl °i ^ m ^€ <a^l- f-4§te ^VE^l eflol^i (LD2) 

^«.E^ Af-t^ 655nm4 e-flo)^-]^^ ;^l2 ^ ^^^(02)4 7l^^'g-o)lAi s-^^o] Aj^o] s\jL, 4l <i'^ ^ 
^12 "S-^* -f 4«>fe Bflol;?] (LD3)S^E1 Al-t^ 785nm4 eflol^^'Sr ^3 ^ 4^H(D3)4 'gil 7]^ 

^'S-'=fl>^1 tsflol -^^S-ol NA2 55 NA3oil cflt!- 71]^ ;til^ol o.^ ^^^14. 

1^3] 

>H13-M>^l°i] 

4^X 1 = 405nm?l ^-f 

2:^ 44 fl = 2.05mni, 7H^^ NAl = 0.85. ^''M^ ml = 0 
4^X 2 = 655nm?] ^-f 
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3:^ ?]^T2 = 2.14mm, 711^=^ NA2 = 0.65, ^-^Hfli- m2 = -0.04 
4^A. 3 = TSSnm"?] 

^^f3 = 2.14mm, 7fl^^ NA3 = 0.50, ^-^HB-I- m3 = -0.14 
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(;<i]4 -^^loil) 

£7)- ^-y^l ;H12 .^«}- ib;^HL2)?l ^s^^^ ^2.3. ^^^Sjo] o^t:]-. ^ ^^]d\]2] cfl^ ^2:^ c]^3(Dl), ^l2 

^ c1>i3(D2). ;«fl3 ^ cl>i3{D3)ofl tfl^V A>oj:^ zj-^ 

NAl = 0.85, \ 1 = 405nm, tl = 0.1mm, ml = 0 

NA2 = 0.65, X 2 = 650nm, t2 = 0.6mm, m2 = -0.11 

NA3 = 0.50, \ 3 = 780nm, t3 = 1.2mm, m3 = -0.20 

NA3ifl<^ ifl^Sffe- -^-i- ^ NA3 NA2M1011 cfl-g-gl-^ ;*fli <g«6|l S];g ^^.o) 3^^^ ^ g 

2f ^1-^ nBfe X B = 380nm, nB = 2<^1'^, NA2 NAlifl°)l c})-g-5>fe- ;tl|2 "S-^ofl ^^^^ 

^3^3\ ^^^si^^K BS\- nSfe 42)- X B = 405nm, nB = S^l^. 



-^-S- ^ ^11 a>E^ eflolx-1(LDl)5.-?-El 405nm9] eflol^1^°)l tfltV 2Sf S)^^, . 

aVt^l eliol;H(LD2)S.-^El a>§^ 650nmel cfl^ 1^1- 5]^^, efl ^1 (LD3) S^Ei ^>#€ 780n ' 
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tfls). 2^} S)^^, isllol7-](LD3)SJfEi 780nm2] sflo)^-]^^] cH?!- 2^h Sl^^^o) alnHs) 2]^^^^# 



0.5 X 10 -2 < PD < 5.0 X 10 -2 

1- ^^^c_^i^^ wj-iAfl slloj;t1(LD2)i4 ^VS.^ sflo]^ (LD3)2) #0)) cfl^V ^^^^Sl <i^7f 

SE^. ^8^ (b) ^ (c)°ll 1^ ^12 ^'fi f-2f§m £ll°l^i(LD2) 
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rms, ^3 % ^^^3.<^ tfl^flAi 0.033\ 3nnsS, tfll- ^a}. ^xj-Aj^^ Aj-^sl-^ 42 % ^^3.^ 43 % 

iaoii cfltsflA^ <g=^t> siflig ^1- ^ Sit^. 



[S4] 

1 = 405nm<?l ^-f 
2:^ 7^21 fl = 2.20mm. -5^^ 7ll^^ NAl = 0.85. ^^h11# ml = 0 
s)-^ A. 2 = 650nm?l ^-f 

Tie] f2 = 2.26mm. 7)1^=^^ NA2 = 0.65, ^^M-t m2 = -0.11 
Bl-^X 3 = 780nm'?l ^-f 

2:^ Tlaj f3 = 2.27mm. 7l|^^ NA3 = 0.50, ^'S-afll- m3 = -0.20 
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NAl = 0.87, X 1 = 408 nm, tl = 0.1 mm, ml = 0 
NA2 = 0.67, X 2 = 658 nm, t2 = 0,6 dbd, m2 = -0.12 
NA3 = 0.51, X 3 = 785 nm, t3 = 1.2 mm, m3 = -0.20 

NA3 cfl-§-s}fe- ^-f 5? NA3 vfl^l NA2 ifl<^1 ^-^-^^ 4l "S^oll ^-^^ ^S:^ Ji^^^Q, 
B)2|. ^l-T^(nB)^ X B = 408 nm, nB = 8°]Jl, NA2 ifl^l NAl Mloll cH-g-§l-^ ^l2 ^S^ofl ^^^^ 

21^ 7-2:31 al^Sl- ^^(x B)3|- ^V^(nB)fe ^^j- X B = 408 nm, nB = 6<^M. 



^S-H 50ol^i(LD2)S.-¥-E-1 A].^^ 658 mS] eflol^^^o]) cflsfl s^V S)^^, h>£^ eflolx-)(LD3)S.^E-| >>l-#€ 785 nm 

S.^h\ A}^^ 408 nms) aflol^i^oil cflgfl es)- 2)^4^, «VE^ eflo)7:i (LD2)S.-^E^ 658 nmSl Eflol;^-1^oi) nflgfl 

4^f Sl^^, aVS.^) sl]olx-1(LD3)5.-f-EiA).t?i 785 m^] t^o]7.]%d\] cflsfl 3^}. Sl^^o] 2^4 slcflfi] S)^4^%=# 



5E^K £8a2l (b) ^ (c)«>I|.S.^ie!- ^SVSS-^E) oj. ^ oj=ol, ^€ -f-^l-Sl-fe «VE^ efl -^l ^1 (LD2) S 

-^E-i A>^^ 658 nmSl eflol;^.]^^ ;Hl2 ^t^ia(LD2)2l ^'jja. 71^'^ ^cii]^] ^jflo^ a^^o) s^h, <y.^ ^ 

^ NA2 ^ NA30I1 clltV 7l)7 ;i11*Vol o.^ 

[54- ] 
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414 ^^]o^- 

sl-^J-X 1 = 4080^1"?] 

TiEl fl = 2.20mm, 7ll^^ NAl = 0.87. ml = 0 

2 = 658nm?l ^-?- 
2:^ >le| f2 = 2.26mm, 7l)^=^ NA2 = 0.67, ^"^^ m2 = -0.12 

3 = 785nm?] ^•f 
2:^ TlE^ f3 = 2.27mm, 711^=^ NA3 = 0.51, ^^Mt m3 = -0.20 
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oijo] dll- s.>^^^ <y7l ^sH, 41 ^ ^VE^ eflolx-il- ^}^^^ Sl-^iflnH JL^gE DVD)-8- ^ll % 

\ If. 405nm, 42 % cl^H(DVD)-g- ;0)2 A. 21- 650nm, 43 % c1^3(CD)-§- >Hl3 ^^s) 

4^ X 3^ 780nmO.S. 4^ ^ x:]^3.s\ 7]% tl^ O.lmm, ^^2 ^ ^d^3.s\ 7]s6: f-^^ t2 

0.6mm, ^13 ^ c^^He] 71^9- ^7)) t3^ 1.2mmS. ifl;^! ;<1)3 % t]^3.ci\] 7)^ 

l-S-tb ^^2) ^o'-'^ 71)^^ NAl, NA2, NA3# 0.85. 0.65, 0.50^- 



£9 ifl^l HlHl -g- -^Ajoilo] ifl ^2,2^ ^ 1 ^ 405nm. X 2 = 650nm, \ 3 = 780nm<^l>«-i2l ^SEl- EAlsf^c^-. 
Htb, £12<H1 ^^Ms\ tfll- ^2:3) X 1 = 405nm<^l 7H^=^ 0.857HS1 ^^'r'^VSl- EAl5f^c|.. s^V, JEl 
3011 X 1 = 405nm2l- NAl 0.8521 Z^o^S. Sel7fl -g-^*}- ^l#e] x 2 = 650nm2) <a/l- 

^1^ ^-f 21 ^^^^l-E* SAlsj-^cl-. o>^El. E146I) \ 1 = 405nm3|- NA2 0.852] S^^.^ ^^jS)^ 2:21711 ;^11- 
^ ^-f^ ^11-21 \ 3 = 780nm2l <aA}Al?l ;§^fi1 ip-c^^^i-E^ EaI^I-^cI-. 

^^H21 tfll- ifflSoflAi^ <aA>^^Voll ^A^^ 5];g ^a(EAl 2^^0)1 o^«il 3f.^2^ ^ t]^3.S] 

7]% ^^s] ^}o]6\] eisii ^VA^sl^ 2^.40] ^ Cl^iHoll ^^^3] 7]^ ^ 7l]Aj^ ci]oi] ^^eV 

7flT"T^MloilAi °^S.m] iL^^tU Sicf. £tl-. ^ ^^]'^121 cfl# ^asl 4i^2l 7l]^^tll6||Aie) ^^^^1-^, 

X 1 = 405nm, NAl 0.85. tl = O.lmm'y "ll, 0.008X Irms 

X 2 = 650nm, NA2 0.65, t2 = 0.6mm°^ 0.003X 2rms 



- 61 - 



S.2003- 0030926 



A, 3 = 780nm, NA3 0.50, t3 = 1.2mm<a 4. 0.005\ 3rins 



St^. ■& ^SoilAife NA2 0.65^1^ -f-^^f^ 21-^ 650nm2l ^^-S: ^ c^^ao^ 7)a 

^^sl^l 51- Jl, of^sl NA3 0.50a.t^ -f 3!|-*fe >I13 ^ cl>iH2l 7]^^ 



405nm, ^fln^^l- 0.85S %n ^T^M: a o]sH^ Aj-oj:?] cl>,H«^l cHSflA^^ ^ ^v,^^ 

ai^K 42 ^ c^ia(DVD)<Hl cflt!- -ih^ 711t^^* 0.65. ;«1|3 ^ c1i3(CD)^l 7ll^^l- 0.50J5.S sfc^ % 

[S5] 

4^ A. 1 = 405ntn?] ^-f 

3i^7]B]n = 2.35inm, 7]]^^ NAl = 0.85, ^^b11# ml = 0, nl = 2 

\ 2 = 650nm?l ^-f 

f2 = 2.44mm, 71)^^ NA2 = 0.60, l-^afli: m2 = -0.10, Sj^ Sf^^ n2 = 1 
i^^\3= 780nm?! ^-f 

f3 = 2.43mm, -g-^ 7fl^=^ NA3 = 0.45, ^^afl-i: m3 = -0.17, S]^ ^Vt n3 = 1 









Hit 


Mil 


1/ f 


















1 • i.»t 

1 : -2.7(5 




1. SMS) 


1. $ocao 




55. i 




4 1 a 




1.11 MO 


1. smi 


I.S7M2 




7|« 



1 A l-40&Ra 




d2 < a 100 
ti I arn 


2i j 1B.18J- 
a COO I 1. ICO 

«. rso 1 ol S50 



- 62 - 



^7m^ ^2003 - 0030926 







^2^ 


Al 
A) 
Al 
Ais 
All 
Au 
All 


T792S-01 
-1. M9S5-0J 
i. tUtE-Hi 
t SIBSEHM 
B. 0Z0(1=-}S 
-4. «13T~05 
9. 312TE-U 
-1. l994£-0r 


-1 052SE«t 
S. 

-S. J944E-03 
-2. B85<£-03 

4 IS^lc-U 
-2. C037e-D5 

4. TSSCE-05 
'1 4r3eE-4K 





• 1 




-4. MOOE-CJ 




-i. 3J04H}4l 


bi 


4.04)1S^4| 


h 


-3. wm=<i\ 




-1. 3S03S-«$ 



^^S-^-E^fi) 7^^^1■ ^t^^SL, -B-Si ^ll-vflcH)A^2l -grcfl^^ 837fl<^14. 



[X6] 







*1l MCmm) 


T 


Oi)00 


0.274 


2 


0274 


0.385 


':3 


0^85 


0,470 


4 


0.47O 


0540 


S 


0540 


0.M2 


6 


0.802 


0.657 


7 


Oj657 


0.707 


8 


D;V07 


0.754 


9. 


0.754 


0.797 


10 


0.797 


0.839 


17 


0.839 


oj7e 


\2 


0.378 


• = 0J1S 


<3 


0,915 


0.951 


H 


■ 0.S51 


0.986 


ts 




• I.D1B 


'|6. 


1.D19 


'..051 


17' 


1. 051 


'i:Q83 


\a 


IJ83 


1.113 


19 


MI3 


1.143 


20 


1. 143 


1.172 


21 


1.172 


1.200 


22 


1.200 


1.228 


23 


1.228 


UK 


24 


1.255 


U82 


2f 


1.282 


1.308 


28 


1.303 


1.333 


27 


1-333 


1.35S 


28 


i.333 


1.382 


29 . 


1J82 


r.405 


30 


f.405 


l.«3 


31 


1.428^ 


1.451 


32 


1.451 


1.472 


33 


1.472 


1.493 


34 


M93 


1.514 


35 


1.514 


1.534 


36. 


1.534 , 


1.553 


37 


1-553 . 


1J71 


38 


1.571 


1.589 


W 


1.569 


1.607 


4C 


1.607 


1.623 



*1l 


*«l(mni) 




41 


1.823 


1J40 


42 


1.840 


1,655 


43 


1.65$ 


1.670 


44 


1.670 


1.684 


45 


1.684 


1.698 


48 


1.598 


1.712 


47 


1.712 


1.725 


48 


1.725 


1.737 


4S 


1.737 


1.748 


SC- 


1.749 


1.761 


SI 


J.7ei 


1.772 


52 


1.772 


f.783 


53 


1.783 


1.7S3 


34 


1.732 




55 


1.803 


1JI3 


56 


1.813 


1.822 


57 


1.822 


1Jo2 


£8 


1.332 


1.840 


59 


1.940 


1.849 


60 


134S 


1J57 


SI 


t.857 


U66 


ii 


136S 


1.873 


63 


U73 


1.661 


84 


1.S81 


1.8£d 


ea 


1.389 


1.8£8 


63 


1.896 


1.303 


87 


1.903 


1.910 


63 


1.910 


1.916 


S9 


1.918 


I.S23 


70 


1J23 


1.329 


71 


1.929 


1.036 


72 


1J3S 


1.942 


73 


1342 


1.348 


74 


1J48 


1.954 


76 


1JS4 


1J59 


76 


1.S59 


1.BS5 


77 


1.935 


1.970 


78 


1570 


1.976 


79 


1J976 


1.991 


80 


1.981 


1.938 


81 


1.988 


1.991 


62 


1.991 


1.08$ 


83 


1J98 


£001 



- 63 - 



■^711^*1 ^2003-0030926 



5621 s\^i ^cfl s^^^{x B) SSOnm, 7.}^ 2<^]^'\ S.-f^] ^^^±S. \00%7} 5]£^ 

^^^SslJl. ^12 % c|iH(DVD)2l A].^ 4^j-o) a^^j. ssOnmel '^45)714 ;Hl3 ^ t]±3.(CD)S] 
al-^a-o] 4;g. 780nm2] '%°] "a^VS]^ l^f sfl^^o) ajcflfi] jj-^s ^vyg^cf. 

380nm, *V=r 2°11^1 Sl^ t^^I- sl^^^o.S.'H, 

al'SH DVD(S|-^ 405nm):95.1% 

DVD(4^650nm):90.9% 

CD (4^ 780nm):99.8% 



cfli- ^A^^ <g7) ^s-H. ^ cii3pj;^H s-ll'^l^ll- ^MM Ji°is. DVD)-g- ^^sl 

\ 11- 405nm. ;Hl2 ^ i^i3(DVD)^ ^l2 ^^^l 4^ \ 2# 650nm, >1|3 ^ cl AiH(CD)-8- ^3 4^ 
X 31- 780nm-^S Sf^^cj, ^ ^ t^^HS] 7]^ f-Ml tl«r 0.1mm, 42 % ^^3.s] 7]^ t2^ 0. 
6mm. ;H13 ^ cI^^hsI 7)¥l- ^^1) t3fe 1.2mmS sj-^cl-. SEIK 43 ^ t^^iiaoll ^^^.21 71^. ^ ^a^^ 

^«J*l-fe cflofl l£.tV tflf. igla^sl -"^^ 711^^ NAl, NA2, NA3-i- 0.85. 0.65, 0.50-1- -S-^Sl-^cl-. 



£15 ifl^l £17°11 ^ ^^l°il2l cfll- ^se] \ 1 = 405nm, \ 2 = 650nm, \ 3 = 780nm°ll^i2l ^S-Ef- HAlsj-egcf. 
HIK £18°)) -g- -aAloJls] ^2:21 X 1 = 405nm°11 cfltV 7B^=^ O.SS^'Msl ^'fi^^l-El- EAlsl-^c}.. El 
9<^U 1 = 405nm2l- NAl 0.8521 ^^o.^ ^^5]^ 2el7ll xlf-sl- ^]f.o) ^ 2 = 650nm2l ojAl. 

^-f 21 ^^^sfEl- EAlsj-ojcl. ol-^Bj^ H20«fl \ 1 = 405nm4 NA2 0.8521 S^^S ^^s\^ ae|7ll ;*1# 
4 ^ia-21 X 3 = 780nm2l *J>^1-a1?] ^.f 21 SAlsj-^c).. 



■g- ^Aloilal cfl^ ^2:0llA^& <a^>'a^°11 ^^^^ t"2:(E^1 ^^)2l aj-g-ofl SlSfl 3#^2l ^ Cl^32] 

7l* ^^21 *H<^1 21811 ^AJJSI^ 2^21-21 ^ t^^iHofl ^ja.21 7]^ ^ 7l)Aj^ ^«J*f^ C^Hl ^A^V 

X 1 = 405nm, NAl 0.85, tl = O.lmm^ nj, 0.008\ Irms 
X 2 = 650nm, NA2 0.65, t2 = O.Bmm'y "ll, 0.005X 2rms 
X 3 = 780nm, NA3 0.50, t3 = 1.2mm^ nfl, 0.005X 3rms 



S«V, -& ^AH]2l cHl- ^aollAife NA2 O.eSiLcl- -f-^sj-fe 4^ 650nm2l ^#1- ;tll2 ^ ^1^321 7]^^ 

'S'^Hl ^J^Sl^l <»]-i-el NA3 0.50:^.4 f-4§l-t ^13 % ^>^3.s] 7]^^ 

-a-^il ^^^^] ^eflolS. %H1 4e1- ^I^^A^ 2:°l^lfe- ^^o] ^l2 ^ ^l3 ^ ^^3.s] cl>i 
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HIK ^ ^Alollo^ cfll- ^Z^oll/.^^ Ji^t^o] sj.^flcfl ^11 v]^3.S.^ 7]^ ^^^1 tl* 0.1mm, ^^l^l 

405nm, 7fl^^l- 0.85S 7^;g5H t^l" ^Tfll- ^sjSj-^fecll, n olsqo] A>ofo] ^ cl^^^oll cflsflAiS ^ 

StK ;»112 ^ clia(DVD)oil ^J-^ 711^^1- 0.65. xfl3 ^ c]^3(CD)°ll -^^^ 7l)^^l- 0.50^5. sH ^ 
1X7] 

;*)16^^>^]<^1 

1 = 405nm?! 

3:^ fl = 2.35mm, -^^^ 7ll^^ NAl = 0.85. ^^^^-t ml = 0. S]^ nl = 6 

2 = 650nin?l ^-f 
a^ 7l2] f2 = 2.43mm. 7ll^^ NA2 = 0.65, ^-^J-ufl-ir m2 = -0.07, S]-^ n2 = 4 
2^^\3 = 780nm?l ^-f 

f3 = 2.47mm, -^--^ 7ll^^ NA3 = 0.50, ^^Bfl-g- m3 = -0.12, n3 = 3 
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S.8S] s\^i ^ife B) 415nm, 5)^4 7.}^ 6°1M1 s]^ S.-t<^] ^^^±S. 100%7} S]£S. sl;^2}.slcH 

cf. o] 2)^ ^^oil ^ cl>^H(al'a£ DVD)S1 ^}%- 4^j- 405nm^ ^o] oj/Vs]^ 6*1- Sl^^o] slcfls] 2| 

^3 ^ c|>^3(CD)2] >^]-8- 4^ 780nm2) ^o] <aA>sl^ 3^1- s\^%o] S\tf{s] S\ 



415nm. 5)^ 6«>))'^i 5]^ ^Sl- ^^S^%'■o.^4<], 
Ja-as. DVD(4^ 405nm):93.0% 
DVD (4^ 650nm):90.9% 
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CD(4^ 780nm):88.4% 



s <a7l ?)5H, ^ avs^i ^MlcHs] -H'SS DVD)-g- ^^is] 

X I* 405nm, ^l2 ^ ^^3.(DVD)^ 42 sf^^- x 21" 65Qnm, ;Hl3 ^ c]i3(CD)^ ^13 ^^S] s^^^ \ 3^ 

TSOnmiLS. Sf'SAo^, ;«fll ^ c^>iH2l 7]^ tl€- 0.1mm, ^12 % cj^^HS] f-'l 7)^ t2fe- 0.6mm, 
7113 ^ c]>^ae1 ^Tll t3^ 1.2mmS. sj-^nf. S£*V, ^Hll Lfl^^l ;*ll3 % ^^3.<ii] ^jMfi] 7]^. ^ ^^sj 

sl-fe «Hlo)l ^^Bj. tfll- ^^s] Aj.^ NAl, NA2, NA3^- 0.85. 0.65, 0.50-1: 



£21 ifl^l E23<fl ^ ^^Ms] cfll- ^^s] \ 1 = 405nm, X 2 = 650nm, \ 3 = 780nm°11 -^i 21 £.a1s].^c1.. 
£*K £24°11 ^ ^Aloils] tfl^ ^asl \ 1 = 405nm°fl cHeV 0.85^'}^l2l ^^^^l-H* HAlsf^cf. £E«V^ £2 

5<^1 \ 1 = 405nm4 NAl 0.852] ^^o_s. ^^^£)fe SE)7ll %^ xl#2] x 2 = 650nm2l <yAf 

'^l?! ^-^-2] £Al5}ojcf. 5.26oil \ 1 = 405nm4 NA2 0.852) Sf-^.^. ^^js]^ 2i^7^ 

4 ^11-21 X 3 = 780nm2) ^^i- "a>^H?l ^-fs] £a1s>^c).. 



Sl^ ^2(EA1 ^1)31 al-.§.Oll 2)31) 3#fl-2l ^ C^^iae] f-tg 7)^ ^^^)2l ^1-0)011 o|s)] ^VAjS).^ 
M<^^ "fla- €2:2) 4i;g2) -ij-a 7fl^>.iflo|]A-^S) ^^^^^^^^ 



\ 1 = 405nm, NAl 0.85, tl = O.lmm'y "ll, 0.004X Irms 
X 2 = 650nm, NA2 0.60, t2 = 0.6mm^ "fl, O.OOIX 2rms 
X 3 = 780nm, NA3 0.50, t3 = 1.2mm<a "fl, 0.002X 3rms 



5E^, 'a^Hl2l nfll- ^SoljAife ^fA2 0.65Iic)- 2l#* ^^i}tr 4^ 650nm2l ;t|l2 ^ c|>iH2) 7)^ 

"S^Hl ^^slx] s.^o]s. ^Ji, oi-^e) NA3 CSOfic)- 2]#f- -f 45)-^ ;<ll3 ^ u)>.32l 71^.^ 

^y-ofl ^J^s)^l i-eWS. %H] ol-el- ^3^°! oIaJ-o.^. so^^^l^ "yo) ;*i]2 ^ ;<fl3 ^ c)>iH21 z]^ 

3. tfl^ ^g.^ D].^^ ^ o;ij7_ of^e) 4f-^^ o.^ 4z)-4 ^ cl>iH«fl cfl-§-sl-<^ 4-&^-^S. 71^7} 4 



SE^, ^^]^]^ cfll- ^^lOflA^^ Jl'Sa?] *)->mtfl »]l ^ c)>iHSAl 7)$ f-ii tl# 0.1mm. Jg-^S) 

405nm, ^i"^ 7l1^^1- 0.85S 7f^5l-o) ;5)«j5]-^fe.c||, 3 0)43) Al.«y:o] ig- c)>i3<H] «fl«l|Ai£ .g. ^tg^ 

■^-8-01 7f^S>c)-. 
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EE*!-, 42 % ^^3l{DWD)<^] -a-^ 0.65, M]3 % <^^H(CD)<^1 -^-^ 7)]^=^* O-SO^-S. ^cx[ 

[S9] 

1 = 405nm?l ^■f 
2:^/H^1 fl = 2.65mtn, 7)1^^ NAl = 0.85. ^^M^ ml = 0. 5)^ nl = 2 
i^^A. 2 = 650nm?l ^-f 

?]Bit2 = 2.754mm, "^^^ 7ll^^ NA2 = 0.60, ^^afli" m2 = - 0.07, n2 = 1 

3 = 780nm?l ^-f 

2:^ f3 = 2.74mm, ^i"^ 7fl^==^ NA3 = 0.50, ^^M-t m3 = -0.12, S)^^ ^1-=^ n3 = 1 
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-g- -a^l-^lSl Cfll- ^Sfe ^S)- ±7.}2] ^ q^a^ 1^(5931 42^)S] ig^AVoll 510O11 £Al^ :&tqi^2i 

a ^cflS) f'^S) :^^0.5.«.E^sj Tjeja q-El-vflll, ^Jr ^j^^^oflA^o] ^cjj^^ 1307H°1C1-. 
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12172 
tJ78 
2.234 
2090 
129) 
UOt 
1.301 

-M12- 



SlO^l -S-cH ^^^{X B) 375nm, 2<^]^] Jl^o] 100%7l- ^^^^o] 

^. ^1 ^^<^ ^11 ^ cl>iH(Il^£ DVD)^ 4-8- ^^91 ^"8- 405nm^ ^4^1^ 2^} s\^%o] §i\ 

DVD(4^j- 405nm):93.0% 
DVD(2l-^ 650hm):92.5% 
CD(4^780nm):99.5% 



n^^H a-^^ ^4i^]7f6^]H^^^^ 4^2i^^So)ols J2^^^£^;^^14«- 
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■i- s\^i ^2:2] Tll^'^oil SSflAife. " OPTICS DESIGN ^ '^^ ^f- 71^;^) No.20 2000. 2. 25 p 

26-p3r °il 7]?fi^o] ojlcf. 



(^18^ A] oil) 



s ^Aj^ <g7) ^g|.o^^ ci^a(^8;^H-ii eflo];^)i. Af^si-fe ^Mcfls] n-ga DVD)-g- 
K 1* 405nm, ^12 % c]^H(DVD)-§- m ^''^■^ K 21- 655nin, % ^^3.iCD)^ m %^S\ ^^g- X 3 

1- 785nm^ 5t-^-5.Dl, ^^^^3.5] 7)49- ^^^J tl^ 0.1mm, ^)2 ^ ^^33] 7] ^ ^^^1 t2^ 0.6mm, 
m % ^^:^3.3] 71^ t3fe 1.2mmS Sl-^q-. ^fll x^t] 43 % c]^3.d\] ;^^ii2] 7]-^ % t^*S 
sl-fe- ifl<H] cfll- ^asl 711^^ NAl, NA2, NA3^ 0.85. 0.60, 0.451- ^^^Sl-^cf. 



£27 £29°11 ^ -a^loflel nfll- ^221 X 1 = 405nm, \ 2 = BSSnm. \ 3 = 785nm°1lAi2l ^SSf - £Al5l.^c|.. 
£E^, £30<^1 ^-^l^flsl cfll- ^2^9] X 1 = 405nmoil 7fl^^ 0.854^)21 t^^t^^I-S* SAlsl-^cf. £3 
HI X 1 = 405nm2)- NAl 0.85^1 2i^o_s_ 3,^]?^ ^^m.^^ ^isoj = 655nm2l %^ ^a^V 

^1?] ^-f 2] T^^^^VS.* E^^iSF^c].. £32«fl X 3 = 785nm'fl tflsV 7ll^^ 0.45^^121 t^^^SHE# 5.a1s} 

^4. 



•t^V^-y X 32) nH# ^^oi) <aAl-A]7^ ;H)3 ^ ^^32] f-tg^ ^^jfi:) ^H")! tAjs)-^ ^ 



X 1 = 405nm, NAl 0.85, tl = O.lmm^ "S, 0.004X Irms 
X 2 = 655nm, NA2 0.60, t2 = 0.6mm^ i, 0.007X 2rms 
X 3 = 785nm, NA3 0.45. t3 = 1.2mm<a 4. 0.005X 3rms 

Si^. ^^M^ cfll- «^°llAi^ NA2 0.60.a.n1- 2)#-i- ^^t}^ 655nm2) ;5fl2 % ct>.3e] ;^jj5i 7)3. 

Jfl^ ^Ja.t 9X^, oV^e] ;«fl2 % cl^Holl i:fl-§-5|-<i^ O.S 7l)^7l- ;*lltVH)JS.S. 



zielJa, cfli- ^ss] ^«f-^>S-<^l^ ;«)]3 ^ cl^iHoll ^^^s] 7]^ ^/SEfe ;*llAa.|. nqoi] 7llT^;«lltV/^^'r 
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■& cfl^ sE^oll^ife Jl'SS'y ^MflnH 4l ^ c^^H^^i ^1 tl* 0.1mm, ^^le] 

405nm, 0.85S 7l-;§5H ^^l" ^^^l* a o|a]2j A}o^o] ^ izl^^aofl tflsHAi^ .g. ^x^^ 

[ail] 

sl-^J-\ 1 = 405nm'y ^4- 
^^ TlH^ fl = 2.30mm, ^^ 7^=?-^ NAl = 0.85, ^^^-^ ml = 0. S)-^ nl = 2(0 ^ h ^ 1.59), nl = 
3(h > 1.59) 

2 = 655nm^ ^-f 

7l£^ f2 = 2.40mm, 7)1^=^ NA2 = 0.60, ^^^-t m2 = -0.07, S]^ ^1-^ n2 = 1 (0 < h ^ 1.59), n 
2 = 2(h > 1.59) 

^""^ \ 3 = ISSnm'il ^ -9- 

3i^>\^f3 = 2.39mm, 7^^^ NA3 = 0.45, ^-^^-t m3 = -0.15, S]-^ n3 = 1 
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0 ^ h ^ 1.59"a nfl 



h > i.59"y n 



^^Al<4|sl nil- .^a^ "a^^l-^CSlie] ;(11l^)2l ul^^^^H) 5.120II Z^]^ ^^^^ ^cfl^s] s\^i ^2^7} 
[ai2] 



fl-ta Via 


**Kmm) 






Via 




«V *«! (fwn) 


1 


.0.000 


0.217 




51 


I.4G0 


1.472 


2 


0,217 


0.308 




52 


1.472 


1.483 


3 


0.308 


0J74 




53 


1.483 


1.494 


4 


0.374 


0.431 




54 


1.494 


1.503 


5 


0.431 


0.481 




55 


1.535 


1.516 


6 


0.481 


0.526 




55 


I.S16 


1 .526 


7 


0.526 


0.567 




57 


1.526 


1.538 


a 


0.567 


0.605 




58 


1.536 


1.547 


9 


0.605 


0.S41 




59 


1.547 


1.558 


10 


0.641 


0.875 




60 


1.556 


1.566 


n 


0.675 


o.Toa 




6! 


1.566 


1.575 


12 


0.7D8 


Q.739 




62 


1.E75 


1.58S 


13 


0.739 


0.768 




63 


1.f35 


1.594 


14 


0.76fi. 


0.797 




64 


1.594 


1.607 


lb 


0797 


0.824 




65 


i.eo7 


*..620 


18 


0824 


•g.85-. 




68 


1.620 


1.633 


17- 


0.£51 


0.877 




87 


i.e.^i 


:.645 


18 


0.S77 


D.9Q2 




68 


1.645 


:,657 


19 


0S02 


0.927 




69 


1.B57 


S.659 


20 


0.S27 


0J51 




70 


1.669 


•.680 


21 


0.9SI 


0.974 




71 


1.680 


^692 


22 


0.974 


0.997 




72 


1.692 


'..703 


23 


0.997 


1.019 




73 


1.703 


1.713 ■ 


24 


1 019 


1.04Q 




74 


1.713 


1.724 


25 


1.040 


1.062 




75 


1.724 ' 


:.734 


1 26 


1.C62 


1.082 




78 


l.73< 


1.744 


27 


1.C82 


1.103 




77 


1.744 


1.754 


2> 


1.103 


1.122 




78 


1.754 


T.764 


29 


1.122 


1.142 




79 


1.764 


'.774 


30 


1,142 


1.161 




80 


1.174 


-..783 


21 


1.161 


1.173 




81 


1.783 


•..792 


33 


1.179 


1.197 




82 


1.792 


1.802 


23 


t.197 


U15 ■ 




83 


1.802 


1.8-.1 


34 


1.21 S . 


1.232 




84 


1.811 


1.820 


35 


1.232 • 


1.249 




85 


1.820 


1.928 


3( 


1.249 


1.266 




86 


1.828 


1.837 


37 


1.266 


1.282 




87 


1.837 


1.346 


38 


1.282 


1.297 




03 


1.646 


1.054 


39 


1.297 


U13 




89 


1.854 


1.852 


40 


1.313. 


1.328 




90 


1.SG2 


1.871 


41 


1.328' 


1.342 




91 


1.871 


1.879 


A2 


1.342 


1,357 




92 


1.879 


1.887 


43 


1.357 


1.371 




93 


1.887 


1.895 


44 


1.371 


1.384 




94 


1.895 


1.903 


45 


1.3&4 


1 J9B • 




93 


1.903 


1.911 


48 


1.398 


1.411 




95 


1.911 


1.918 


47 


1.411 


1.424 




97 


1.918 


1.928 


48 


1.424 


1.438 




98 


1.926 


1.934 


49 


1.436 


1.448 




99 


1.934 


1.942 


50 


1.448 


1.460 




100 


1542 
1M9 


1.94d 
T.9J7 






■ iot 



dodlE-os! 
I. imi-ei\ 

I. lOICMSj 
-i I0UE^4 

8. Hl?c-6il 







b4 

M 

bi 

ku 


-ISfillE-Oli 

■4.12»E*«t! 
4. ll7<E-«. 
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5.1221 ^c}) 251- "y^l-^^o^e^ ^^]^ ^^^S^E^e] ^oji- v+E^uflnj-ji sf^^- ^^o)) o < h < 

1.59# <g^2l ^2:(5122] -grcl] i ifl^l 63)b 4^(X B) 380nm, 51^4 2^11^1 5|^4 

^e)2i 0.S 100967)- £)£s. alaisl-s)<H 014. o) 2)^4 ^^^ofl ^ q^.aCH'gS DVD)2) ^^"i! 4^ 40 

^o) 'U'^}S\?]i^ 7l]3 ^ c)ia(CD)i3] ^V-g- 4^J-?1 Bi-^J- 785nm2) ^<^1 "yAj-S]^ 1*)- Sj^^o) 2)c)]2) 5l^^%l- 5> 



h > 1.591- <:g^e1 ^a(ai22l :S-cfl ^S. 64 Ml^l 101)fe sf^H^ B) 405nm, s]^i^}^ 3^1 

5)^^ Sli-o) i^El^l 0.5. 100%7l- s]£^ sI^sl-s]cH $).^. o] 4i ^ DVD)2l 4-§- 4 

"§■91 4^ 655nm2l ^"l "y^fsl-a 2^}- Sl^^o] a]c})2] 5)^^^%:^ ^H-^ ^v^^^c]-. 

>S-7l2l- ^a-O) 2];^ ^aiS) 4:3.^ s^^^ ^^^O.S^^ 

0^ 1.592] <9^<HlAife 
il'flS DVD(4^ 405nm):95.1% 
DVD(4^ 655nin):93.3% 
CD(4^ 785nm):99.7% 
h > 1.5921 <a^oil>>-1fe- 
S'SS DVD(4^ 405nm):100% 
DVD(4^ 655nm):91.8% 

ffitb. ^7)4 :a-ol h > 1.591- ^^1- 2)-;^ 405nm. 3°lMi ^^^5>^ pH]2 % c]^3ol] 

JiL2) 7]^ ^/£Eb ?)l><j-i: ^^Sj-fe ;§-?-6il NA2iLt^- 4#(^, ^4^4 h > 1.591- ^V^a]?]^ <g^)# ■f•4*^ 
^ ^'34^^1-4 ^cfl^l^l- 4 70n ms, •i-^ol4 4^* 37111- =^ Si^js-s. ^ ^#714 ^jg-^oflAisi o^^^ 
^s. ^# ^ si4. 

olsK ^"^-^ 4^ ^3 tll;^) ;t)l7 ^Eflofl tflsH 01-8-3H ^"itV^. 

(^l3^^]^Efl) 

£42^ ;H134 ^^1 ^Efloll ir).# ;()ll ^ ^>^11- 7m^^S. E^o)4. £42oll s.^]^ 44 #<^1, ^ ^ 

^ ^^1^ ^S. 7]% ^^7\ 4^ % ;«llA3-g- ;t)ll eflo];?-) (n) .4^ 7)^ ^^;|l7l. s ^t^2 % 

4^3 m %^9l 5llol4(i2)4, 4^ ^^yy 4^ e >ll3 % ^^3. 7^^^ 43 %^9l 
8fl44(l3)l- 5J-^4. 

^11 ^ 4^3S^, ofll- 1-^ 0.1mm4 7l:&(f-tg 7)^)^ ^fe ji'a£4 cj^^HCH-as DVD)1 4 

^ ^12 % cl^HSfe 0.6mm2l 4*(f-'^ 4#)# DVD, DVD-ROM, DVD -RAM, DVD-R, 

DVD - RW, DVD + RW ^s] z^^ DVDl- ^l-g-t ^13 % t^^^3.S.^ 1.2min4 4^3-(f-'S 4*)^ JJ-fe 

CD, CD - R, CD - RW, CD - Video, CD - ROM ^4 4* CD* °1 -g-t ^ Si4. 
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SEt>, ^^1(11) AS^ 400nm ^jE2] 4^J-o^ ^-g- t^^S)-^ GaN^i) ^^^M iVt^l eflo]^1M- ^^V^-lj SHC 

<^l-8-l- 9X^^. 42 ^^1(12)^^^ 650nm ^^£2] s^^^o^ sj-^ l^>a5>fe ^!^-^ «V£^1 sfloj^^s. o)^t >^ o| 
^3 ^^(13)-e.Sfe 780nm ^£2) af^s] ^'■^asl-^ hVS^ ejo);^!- ©l-g-t Xi"^. °]^^ Mil m^l 



^^^3.2] 7ls.,a(92)AVoi) ^J^Al?^ ^ oxji^ 43 ^ cl^Hl- nfl<fl -S"^- 7fl^^ NASifl'HlAl 

*!-7t]g]7l- S]fe >y-Ells 7)^# f- Sfl aVS^ efl<^l^i(13)S-^E-|2l ^13 % x:]^3.5] 7)^-3(93)^^1 ^ 

°1l<fl -8-^ 7B^^ NA2S.fe 0.60^£, m ^ nflofl ^ji^ 7ll^^ NA3Sfe 0.45^ 



:n^^^«l'^ ^>^^ ^2:21 -^=^^^1- ^<^S] ^tfls. ^i^oi^ ^fe si^g 4i;<i-7f "^bI;^ si^cfl, 

HV£^1 eflol^^(ii)o^ 4^J-("^H- i-'S 400nm) ^o)] f^Eflo^ o]^^c^ cfl§ ^^(14)°!)^^ 

^v^jEj^ A^^^l-l- ^^^sl-fe ^-foll wtE^l eflo);^ (12)21 i5il-^J-(oi)# f-^ 650nm)<'l4 n°]^(13)S] 4^(oll 

1- 780nm)2) ^«>11 tHSflAife '^=r*f7l-a.^ aj-oja]^ ^;»ll7l- SI^S, ^ol^(ll Ml^^l 13)S.-^&121 



ol<^l. ■& ^^"^^H-S- 41%^"^ ^J-^Hl ^^^} 4i;^l-(18)S E43<^1 cf# 2)^4 

cf. £4321 (a)2l c1-# 51^4 ^a^fe ol-Bll^7l- c]-^ 27112] ^tl- ±4s. ^A^€ i;<l- aSq- %n b* 
^ 7l-;^H. ^\ a2l ^^^^efl^ ^^oj ^tfls ^If-o]^ ^3^71- ^Ajsjol ^Icj-. ig-^ a ^ ^ 

«!■ b2l 7llS.S.fe £4321 (b)<^I aval- ;g-ol aj-^sil n^]^Hl2)S] f-^ 650nm)^S-¥-El a} 

£.Sil (13)21 4^(ai]l- 1-^ 780nm)<^l ^-S 4^ "S^^llAi Tla) ^fol7l- hV£^] Eflo1;^(ii)2l 

1-^ 400nm) ^^S] s^^^ 'm^^^^ ^^-g-SV An* ^^^^ - ^^J* ^^l" ^flS.* 

Ai^enq.. m-sl-A^, sfl<^l^-l (11)21 4^ e«<}-2l ^DVol ^Sl- i4 a2)- %n bS] ^^-ir^l- An2l <^^oll 9]^ 

^^-321 5l^ ^^21 2)-^^ al-ol- 21^31-711 Hl£.S, ^^#^1" An°ll ^^<^ S\^i ^^j-^ ^^i^A] ^TllSH ^ 

lESfl eflol;^i(ii)s1 ^oii tflsflA^D). cil# ^a(i4)2l ^n^}^ slJ2, «V£^ eflolx-l(ii)s 

^B] i-AV^ AJl>.s). iL^S-g- di4(18)l- tfl-¥-S-2l AJl^^^f Slol ^^3.3^ 7]^^ (9i).y.6i| 



<>]-a-&l, ;^li ^ ^ ci>i3oil ^jil- 7]^ * ;'BA35f^ ^^oll % ci>i32i 7l# ^^i]si 421 iL^K 

till- ^^(14) f-21 ^«1- ;i;i>fi1 42i ^1^4 eflol7^ (11)21 ^2: ^SHl ^^^^ 

^ ^£ €^°11 cll# «S f-21 ^J:^ ^«^7lll- ^A^Sfe ^421 ^Aj. 2^ ^ 

s^oi] 21 sv ^^^^y2] ^^M. a.5g*f7i ^^^sv 4i7i-'y 1^ °-^^<^loiEi(2i)oii 21311 ^^o.s. €01=1 

fe#ElDllolEl(i6)l-^^a) ^#£|El(i5)2l.i:)ll- ^2:(14)21 Al-oloi) ^J^cl-. 
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•^fe 1^ <ili^<^lolE^(21)« -f «ll # Hi n)l<^l £1(16)1- ^o]X\^ cfll- ^2:(l4)ol) <yAf5]^ ^^21 

i^si-g).^ ^-follfe §E1^01E1(16)1- cfl^ ^a(i4)ofl 7f7}^^)fe «J-^o.s ^oiAl^ic). a).aJ.A^ ;^ 



^S(14)°11 21*11 ^lll % Cl^HSl fi^ 7l:&# -f «fl 71^13(91)^1 ^'^J-^lcl-. olii|l_ cfl# ^S(14)fe 711^ 

^ NAliJ)o|)Ai ^7\M7\ e11ol^i(ii)s-^El2l ^!^Al7)s.S.. Jl-ass] ^Hflcfl t q^^H?] 

^ci>ia# ;fl>at ^ Sli^. 



3Ela2, 7l^^(91)ollAi alHoll ^2£l<>1. HUf^ cJ-A] cfl# ^S(14), ^^^} ±^}(18) 

^Hloi1olEl(16)-l- f-2l-§H £^1=1^1 % ^tTflS. «eft)-c1-. ^ ^t.^S) ^ ^t7l^Vo)|A^ i^2| ^Aj- " 

4-^ -fi^l- ^#«1-<sj 1-^ ^#olH- E.^ ^*J?Vc1-. o] :S#oi1 elTlSH 2^ °-J!^oll<>)El(22)7V 

«V£S]1 isl|ol;H(ll)S.-^E.1fi1 ^^ol ^ €\^3.2] ;giiL 7ls.^(91)>^Hl :a'a-s)£^ ?D^(14)« 
S .golAl?)^ f-Alo)] Hl-ssll 5flol;H(ll)S.-¥-El3l :g-^ol Eajo)] ^-g-SiS^ nfll- ^2.(14)1. :*^oll ^^"l 



SEtb, ^12 ^ i^^Hl- ;<llA^5}fe ;S^ol) av^sfl e)lol;t1(i2)S^El ajol f-^^slJl, #Af^ £fl°1^i(12 ^ 

13)S-¥-Elfi1 #A].^fi) ^ijfO] ^ «} >i-tElEi(15)o|l 2l«e «Va>S)ii1 oj-^el hv 

£^ e1|°l^1(ll)S^El2l nf^7Hs *E1d1) o] E1 (16) , AJj^Aj- fi;^j.g- 4i4(18)» f-4§H <^1- €S(14)<^1 

21«I1 ^12 ^ t]^BS] ^S. 7]^^ ^gfl 71^^(92)011 ^J^^c}. ojofi, c)l# s!l^(l4)fe 7l1^^ NA2M)oilAi 

t>?iiifl7f s^^^ ivs-n 6iioi7-i(i2)s^E^2i ^^%^]7]s.s., 42 ^ q^ai- ^ 



asm, 7)3.^ (92) oil Ai ^Ji HlH<ill sl*l1 €2S1<H ^Va].^ ^#-8- 4-^1 tfli- ^2:(i4), 4i;^Ki8) 
# el nflol £1(16)1- f-2l-5H E^lsl^l ^ ^-tns. ^t>c1-. ;(lli ^ cl^^nsl °}^y}^]S. % ^ 

^■k7W]^]s] ^^2] ^Sl-, ^^l-oil ^sj.^ ;at5H S?B o] :a 

slTlS^o^ 2^ «2l!4'<=flolEl(22)7V yVH^ sllol^-i(12)S-¥-Els1 ^^o] ;^12 ^ cliHSl 7l^^(92)Aj-o)] ;gAj. 
Sl^a cflo igs(i4)s. a^^V^s ^olAl7l^ f-Alol) aVSjq) Bll<i];^ (12)S^E-|Sl ^g-^o] 4,;go^ Eajofl ;a>y-s) 
£^ cfll- 'a2:(14)* ^^o)l ^2)ol Hj-^o.s ^olAl^lcl-. 



^13 % cl^ai- 7llA^sl-fe ;§^6|1 Hl-ssfl e11o);5-1(i3)s-^e1 Hjo] tAl-sjji, ^Af^ hi ^f.elEl(i 

7)1- ^% «J >i#elEl(15)ol] sl*f| MVAfslnl, ov^el ^7] ^S-H eflol;^(ii)s^Elo1 al-S>7Ms. 

#2l°1|olEl(16), A^^^l- ii^j-§- ih^KlS)* f-31-sl-o^ tfl# ^2(14)oll Slsfl ;^13 ^ i:]>.32l a.J: 7]^# 1-8)1 ^S. 
7)^^(93)011 ^J^^cf. oH, ^2(14)^ Aj.^ NA3^oilAi 2];^ ?!-7i1ifl7f SlE^ sflolx-l (13)5. 
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o] ^t<^l 2]7l5>o^ 2^ "S^^oflolE^ZZ)?!- efl 0)7-1(1 3) S.-?-Elfi| ^^ol >H)3 ^ t\^3.5] 7]Sr^(Q3)^M 

^^S\5m cfll- ^S(14)* «cJ-^^S. ^o)A)?lfe ^A)6i) aV£^l eflol;^-](i3)S-^ElS) ^^o] ^;go] E?ijoi) ^ 



^^-a ^^lofl'^ife 1/43^^*0] tfll- ^S4ol2] ^S-f-ofl Hl):SlS]fe- ;g-f7)- Sic).. o)^2l ^A) ^Eflo) 

^^1 ^6fl2l ^2:(14)ol) ^12 ^ c)i3l- 7fl>atl-fe ;g.foI) 7))^=^^ NA2S-¥-Ei NAie] -f 

3)-5)-^ HV£^ efl°l7i(12)S-¥-El2) ^^o) ^ cliHel 7]^^{Q2)^^o\]a] f-jflo)?)- S)£^ S)^^ ^^(14a) 
2)^ ^2(14a)7l- ^^jS)^ H)^^ ^Aj.^ ^^^s]-^, NAm NA22)-S) ^fl^ 4^"^.^^ T^*3t 't 

Xi<H ^1?^ 7li?- =r^]:# -a^lt €.2-7f SiAS-S aj^Aj- 

i 

o}^^. ^13 ^ c)>.H» 7flA§5)-fe- ^^o)l Aj-a. 7))^=- NA3S-¥-E-) NA12) -foil-tffe aVS^ e))o);(-) (is)^.?-^^ 

2) ^^o) ;H)3 ^ q^iHS] ^iL 7)^^(93)^i-<H)Ai tel)o)7)- sl£^ ^S(l4a)S)- 5)^ ^S(14a)7l- ^^^5)^ 
%ti^rQS] a)^^ S^S^^, NA12)- NA2fil- NASS) 7))^ ^^l-f:^) 0.5. >^ d)-^ aV^^jsV 



^-^l -S-^ 71)^4^ NA2SYE1 NA12) -^^^ -f 3).3}^ aV£^ eflol^1(l2)S.^E^2) ^^s^ ^vs 71)^=^ NA3S-^ 
^ NA12) -fsl-s)-^ ^>£^ £flo]^1(13)S-¥-Ei2) ig-^o] z)-z)- ;,il2 ^ c)>.H2) 7)^<a(92)^o\ ^l3 ^ ^ 

iH2) 7)s.,a(93)A^>o)iAi t5ii<H7f t)-^ ;g.f , 7))^^ NA2^-?-Ei NAH] tii\^^^ 

K 221 ^^-g- 7))^^ NAl^oll^^i ;«fl2 ^ ^^3.S\ ^a. 7ls.^'S-ol)A^fi) jq.^ ^^).7V 0.20A. 2^^ €■ ^ 
^ol-°l°1, ^1-^ 7ll^^ NASS^E-) NAH) c)l-g-5>^ <g«^ -§45}^ X 32) 7))^^ NAlMl°])^i 

43 % c)>iH2l 7l^^'i>Hl'^i2l 4^ ^7<.}7} 0.20\ 3^c)- ^ ^Ve))7). s)£a 3)^ ^2(l4a)7)- ^t^^^cf. 

7ll^'^tD2l <g^.i- 4t)-fe- ^^21 iii^^Sl., 7l)^*^vflS..¥-E-] 2)^^ f-^S^fe ^#2] l" 

80<H7]- -ff-*) ^SlSl<H % ^#7)2) >.^«.o|)A^fi) <y:^«V AlJ: S-Ajo) ^<H^C)-. 



SEtK -^^^ w>2f cHl- ^2.(14)<H] Sl'H'^i ;012 S ;»))3 ^ c)>.H# 7DA5§l-fe 7i^ci\] ^^*V Ava. 71]^=:- o)aj.o) 
#eflo) Aj^AS 5)-^) ^-foll -g- ^A) ^ E])2) ^ :^<g ;^^)^ NA14 NA22)- NA32] 7))^ ^i^:^ 
?i<»l ^-a- 7D^ ^'S.^S, :f ^2) £50, Esm -S-tfl o)^f- ^ O^C).. ;H) 

1 ^ n)>,H, ;»1)2 ^ c)>,3, ;«fl3 % ^^^3.^ NAl^ NA24 NA3efl ^-^-^^ 2i^7m 7]4^^S. 



'"■IS r^^t}^ f-'g ^^2) A}o)ol) Hfl^]^ <^^%-3]- 1/44^^-^* ^«l5rl-feti f-'i ^^f- ^o)£. t!-^<^) 
f-^l^^S. sV^ ^^2) -grcH^S) ^oj- ?l7f^S S-1-S)D), o]^\^ ^oj. oi7)^^ ai<^£ g^u).s] o]7)^6D ;5j<a.^ 

°l7)-%'-O.S*«) oJi^#2) Q!l;g ^421 H)]*j: aJ-e)]!. ^rfl^^S 'fi^A)?^ ^ oj^ 7])^ o)^S).Ql£ ^Cf. o) 

el?!: 7D^ di;^>» °l-8-sl-^ cfll- ^2:(14)2) NA2S.-¥-El NAI2) <g^4 NA2^2) cg«o|) c!).g-5)-fe ^^s) 
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^^2) 4^oll ojsl] ^;g2] AJ^ 7]|^>^^^o)]Ai S)^ *V7illfl7V S]£^ a>S.^] eflo)xi (ll ifl^) 13)^^El2] 

m^l ^13 ^ n^iHS) 442| ^li 4^^(91 ifl4 93)^o|| ^^4^ Si^^ sV^fecfl, >i)-7lsl s]^ ^^f- ifl 
1- ^afil- l£s Hll^^ ^«|- di4sl ^^^'i^<^] ^^aisHH 

ahSl- ^2.Si^ l£S 'g^l^ 4:4^1 ^^^'S-'H] ^Sl- -^^Isl-fe- ;§^oll oXo]A]^ ;H12 ^ 

3 % q^Hl- ^Faisf^ ^i-^ 71]^^ ol^J-sl ■'§^^S. Sfe 7^-?-<Hl ojajev SJ^d ^^7} ^ 

4i42l- "fll- ^2:1- Eej]?j ^sjjsVfe 5Jol aj-^ajgi-t:].. o)^>«|^ of^^^ ee))?j m^^^ oj^ >^ o^ci. 

E^, "^ll- ^2^^ 1£S ±^2] 'S^lel fe ^ f -HI 5a<H'<'i. CH# ^2:nV2l E 2fl?J 

13)S-¥-Elsl :g-ofl cfl-dl-o^ NA14421 =r4 M^sl-S^ S}^ ^Jo) ul-^al5)-4. ols>i*) <y:j£*> ^^9^ ^^^^ <g 

Et!-, it^js] ^J-^ 7fl^^iflo)l^i Sl^ t!-7ili4l7l-s]E.s. avs^i sflol^Kll ifl4 13)S.-9-Eial ifl4 ^13 % 

cj^as) 44°) 7l^'a(91 ^4 93)^i-°il ^J^4^ ^ Xi^ cflS- ^S(14)S, ^ %^9l<^] s]^ ^7l]sgii -965 
85J£ -^JaM- ^7112001-2295673: -^iofl 4J'11?1 "fll- ^2:1- ol-8-SH£ 

^^<a-^^lo)]4fe cfll- ^^(14)2)>o]tE §1-42] ^(14a)^°il ^^^f) s\^A^3i2\ 3)^ a)-^ °. ^«]] 4, 
7||^^ifl6llAi s]^ ^7l|vfl7l- 5)3E^ ^S-H eflol4(ll ^4 13)S-f-Elfi) ;»lli xll4 43 % ^^^3.s] 
4421 7]^^ (91 gi4 93)ih'Hl ^ *l-^^ct oisH ^A] ^Eflcii] o]^^ 4# ^^s] 



CHI- ^^2] ^V}9] ^A^o)] ^^j^ 2]^i ^221 5)^ ^31) Sl|o)X-1(ll 5J 12)S.^E-|2] 

# 44 % ^^3. 51 ;«fl2 ^ ^^^3LS] 7l^^(92)^oHl 44 7ll^^ NAl S NA2^oll'^i sl^i eV7)|v4l7l- s\s. 
^ ^)^4€ =r ^13 ^ c)A,3<>ii i:fl«flAife rflf. iglaoil ^>5.ji11 Sllol;^ (13)S-¥-E^fil f-ti- «a44 

^ o-s-w), 7)^ ^^2] sH^l] 7lo]s}fe- ^-3^421 ^^1- 711^^ NA3ifl°ll^i s\^i sl£^ <>] 
^S-fofl ^ ^^Ife ^13 ^ «^^3o)l ^ja.2) 4^ ^ 4^5^ ^8Jt nji2) 711^ ^^-ir 4fe ^-^1 «l-t4*H, 



S^, T^^^^l-sl €3^« il^sffe- ^^^51- a.^^ 4i4S ^^S)fe 7}^ 71-4 ^^J- St^ 4^ 

SEfe -8r£l- °1 71-51-^ ^^-t- 7)-^ 4S.#2] ^3E:7f 4l4M- T^^y ^2:2) ^<H£ SfH-7l- tJ" 

^o.s. ^o) 71-^ tv HJ 2i:±iiit:-i# ol-8-si-<=ii €4. 

€4. <^121- ^o] ^=;^2] ^ss. ::p.>y^ ^^=^^4 4^4"?] «e1°1|o1e1s, 4 ^^^-fl 4^ #^2000-3923333:<^ 

711 4 € ^2:4 Si4. 

£tK ^ ^^1 ^Ell°114fe ^% «J itelEi(15)5.^El Cfll- S!lS(14)i ol=fe IVH^I Ellol^i(12)S^El2l ^#21 

Si4. 4?!-7l-4s, HJ >.#ElE-i(i5)oll4 cfll- ^2:(i4)oll ^l «]:£.^1 sI1o14(13)s-¥-e12) 

an}. ■& ^^1 ^EflcllA^^ tj)^ ^asl iT^Aj ^S). ^/5C-. E2fl?J _2.41- ^#51-7] ^SV ^ ^# ^ ^ja. 4^'^ 

(91)^21 ^%^^^3\ ^^^42] >afl-i- ^#44 ^tb ^ ^t' =r'ci-<>i ^s^4«H si^n, ^4 ^^i^ <^isi^ 
^ ^-t ^'S^ s^4. oi^2] ^EfloiiAiE ^l.^7^4s. ^ T^'Si- ^aef^4. 
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^^■a 'S-^l^ £422^ #e1°ilolEl(l6)2f -ui^^l- :a.^j-g- rfc;^Kl8) cfl^<Hl ^^^sfi^j ^^^o\^i\. ^^^y 
^^j-§- ^7.}?} oi?i\m 4i;^K20)* 7}7.]^, o] o^sfl^ ^7\(20)^ £9fii|- 1^ '^^<^o]^]i2\)<^ 

^^s]o1 -^-jis^sloi oicf. £4421 ^'^^oi) tti-s.^, o^^^ i;^l-(20) -fi-^si-?! ^V£^ sfloMio)! 2i3ii jg- 



SE^, E44S1 ;«fl2 ^^"a ^^Hl^ife •d-S^I 2flol^i(12)3+ ^VE^l eflol'<1(l3)7l- -it'j^S^Hlol o^^c-ll. i]]^]^] 
(^l4^>^l^«fl) 

"3 ^^Ife £422] -il ^ ^SliZ). al.?!-7M5. 3#-^2l 71^. ig£7l- A^S. cf^ x:]^^H<^ ;ga.2l ^ 7|l>aol 7} 
^11 ^1^1 ^13 % c)>.a2l z]-z)-2] ^^Al^ ^ o;i^ o]-g- =-ia(i4)# 2>^c]-. nfll-^2:(i4)S.fe 4 



St^, 4'6 ^^Ife tKE^l efl^l^i (11)21- sfl<>l^-1(ll :3)JS.^^£] #4^2| =^^0] hi . 

^^^mi5)S^S] A\o]3] ^^S.f'Ofl «VH^ Eflol;^^(ll)2) -o) i^Aj|A^o^ uj^o)) 7)o]5H ^£ cfll- 

14)o)lA^ ^v^a^f^ '^T'Sl-l- ^^j«l-7l ?l6t- ^^^y ti;g-g- db;^t-ol #ElDllolE-l(29)l- $>fecl-. #SjD||0lEl(29)2l 2^«>1 

€ ^21 311-^01 ^ol^lfe v^^^S. ^-foi] #elDllo)El(29)2l "Jj ¥.n^7} fJ-oV^lfe «J-tl=^5. ^^tj-fe 

^fec]-. <*l-^e], #elD0olEl(29)S) 4^ ^^<^] 7lE)2j 2*^S im^^ i?1^2l ^^%=2] 

Cfl^l^ ■S-<a'y=2l ^^l-oll Cflt!- "fll- ?]2:(14)21 2:^ 7] 5^ 2]' 2'3'ilS- "i?-^ "Jj S.f]^S] ^t^^S] ^cfl:al2l- Cfl 

^ <aA)5l-°^, HVS^l eflol^1(ll)S-¥-Ei *Al.^ #£]°)lo)E-1(29)£f till- €^(14)1- cfl-f-f- ^o] 

4l % ^^3.5] 7)^^(91)>il-«fl o]^ ^€r 4^ 4-^^^ ^ElDflolE^Sfe- -g- %^9l<^ 2]^ ^.^q 

2001 -248819^<^1 7llAl^ 9^]^°]^^ o)^^ >^ o^c^-. 



£Et>, ^13 ^ ^^1<^1 «'l-g-5l-7lo)l al-^^l t> 'i^'^^Sl- ii;g-§- db;^!-?] §e)=ilolE^(29)Sfe- ^cfl^^S «M^7V ^ ^ 
<^lEl5-fe- ^ #^?]o)) 2] tb ^€2000- 262372 Jiofl 7llAl^ #elDllolEll- o]^^ ^ o^v^. 



43^^^ ^^Hl^ife «£l°llolE.ioii ^ai- ^A^sH tfl# ^;^(i4)°ilA] ^Misife ^-^^^H- ^^sf^fe 

50 Ol^i (11)21-^%^ Ai#E]Ei (15)21-2) Al-ololl ^HlDflolElSl. IHS. UflAjSlfe ^<>\S. I'S^l 5)^4^2:71- 

2001 -210659^01] 7llAl^ ^J^^T.} oj^f >^ o^cf. tiVt^] sflo)x^ (i i)s.^e1 Af#^ Ef^l^al ^g-^^ 

^5}7l HE]^ 5|)o]S. ^S.^d\] Hll^lSl-fe ^^oim <^l?Ht> ^*il-^f'<^l He^l€ ^ Sife ^^^^V ±7.} 
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^ -g-S -SSm ig^oll It^-E ^^^5>fe ^;^f2) ^A^V 

oil ifisl-i- li^js}^ ^^^sf rJi;^!-?] ^^-i- ^iE. 71-^ ±;<K23)1- i^l-e]E-1(l5)sf 'fl 



&i i^K23)fe 7)^(24a, 24b)°)l -H-^ls^fe ^H^s}^ Sj-^s] ^l^(25a. 25b)2l 

AVojoll HflSl^ <jii;gf.(26)^ §>^cll, f-ig ^i^(25a, 25b)<^l ^-^ ^^(27)^S.-?-Eisl ^)o|-^ «ll^j#(25) 



f-'l ^^(25a. 25b)fi] ^<H£ '^^^S. ^ ^^S] -g-tfl^fil ^oj. <Q7}^S. §-^=1'^ 5a^°l, "^ll" 

^o] ^cJl^o] ^oj- 0]7Vij!-0] a1ol£ 5j-i4oll 4,;go^ ^oj-^ ^7l-5>^ "-^'§#(26)2^ ^SM ^^'i ^^±S. 

^^^Sf7f <a:SSl-7ll A^^^ ^^Efl* -S-^-lt ^ Xi^l-. 



-a-^^ ^•S^l'^lfe S-i 7f^ 4.4(23)5. ^V^^ Hi-fi)- ^E}|2j &i 7f^ 4i;^Vl- ol^g-sl-^feOl, ^ 

^Eflsj ^ ;8-slo)l ol^t ^ safe- ^^-i- 4i;^m f'-yo.s Sl;g 1^1^^ g-xi- ^Sj. 

S£*, ^13 ^ ^^lofl «l-8-l- SUfe t'^t^^ ^1^3) aj<HH s>42l wj-^^s .'flo) 7V^ 

t^-§-«^lfe £46*- -f-all S.122] ^ ^<a ^J-i<l2) ^^c^]o\ ^14 ^ Sj-y ;^i<ll. ^"^dVcl-. £460)] n}9]. ^o], ;Hl4 

^ eflo]^(12)fil- S>£^1 Bljol;^ (13)71- E44S4 4?!-7WS. •fr^^Sl'H sao.s.s. ^ ^-^ ^ 

^f - ^^Sl -f Sll c^-o.^ £J2.^ ^ ^Jcf. 



^14 ^^<a 7H^^NAlifl<^l'^i 21^4 «}7iigi7f sl£s av^sfl ei]oi;^^(ii)fi^ ;^ii %z]^3.s] 71^ 

-aOD^^il ^^Al^ ^ cfl^ 'ffl2:(34)» 5Jfe<^. ^1 ^ cl^H cfl# ^ao] cfl# ^a:(34)l- -fSlj 

n ^o]7](l2)S.^^S] %^ ol-g-Sf<^ ^2 ^ 71^. 7l)A35l-^^ 7l:& ^VoHl o)g)) S![o^{SL 

7f€ ±^}(23)M: -fan 7fl^^ NA2Mloll'«-1 tMlifl7l- iL^Sfo^ ;»]l2 ^ ^^3.<^] nfleV 71^.. 71-^5)- 

711 



<^1-^&I, ^^£.^1 Sll<^14(13)S.-¥-El2l Bj-^ ol^g-Sl-Cx) ;H13 ^ 7l^- ^-follS °l-?!-7H^ 71:^ 

^y^M 2i«ii ii^ ^<a(^iH) ^^^^s. ^n^^ 71-^ 4i4(23)» -f«fl 711^^ nas^a 

«H|A1 S|:g ^7il^7f Sl£^ Ji^tVnf. 



^14 ^ ^J-^lfe- NA14 NA2fil- NA321 7ll^ Sfecll, o)fi). 7|1^ ^^g- ^^o.S. £462] cfll- 

^2:(34)2^ ^^-^21 ^^'a(34a)<^l ^^^^o] o^^ ^^oj £50, ^^^s} ^cfl :gE^l- ^a^§>J7 o^n^. rtj-ej. 
^i, ^-i-^j^S 711^1- NA14 NA221- NA3AS ^^1- °lalt!- 4^ ^^i'ld "1 Slfe ■fi:'^ ^^il- -f-sfl ^l2 ^ 
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711^ ^r'S-^S. ^ nl^H, ;^l2 ^ ;»1]3 ^ c^^iHl- ^^Jt NAl^)- NA2S1- NA3°11 cfl-§-sV-^ 

7fl^ oi^s>o^£ ^cl-. 

a^o) -gol^t:]-. £i3oflA-1fe ^a(34)fi1 ^^^(34a)°11 ^SlS)<H oUS-S o] Esflj^ ^^jo] t8=Aj.^cf. 

£1K 5.462) ^ ^^M^] nlll- ^^(34)^ SWsj ^^jS) ^ i^-^aol oj, s}^^ X Tje] 

# fl(mm), ^-tJ ^^^11- d(mni), ^S(14)oll '^^1-51^ 4^ X 1^) ^^2) $ l(mm). ;«fl3 % 

^^S\ 711^1 7)^.^ ^«35^fe ^-f fi] 4-S- 7le1# fB3(mm)^S nfl, 

0.7 < d/fl < 1.5(2) 

2.8 < O 1 < 5.8(3) 

fB3 > 0.2 (4) 

1- ?v^5^£^- 



H-as DVD-§- cBl- ^SSfe ^7ll5glO- 123410S ^&^] Si^ ufsf 271) a) ^^j^J tfll- s!!^: 

71- ilfeCi], ^^oii i.immfi] SH71- Slfe Jl-as DVOaf- CD21-2) ^J-Jl J:^*- ^f-s] cHl- 

^^^^ ^•f<H]fe- ^asl aj-^ Tie)!- ^a.§}-7l ^a-^a o.S Sl-fe ^io] Ml.^a]8l.cl.. oinfl, ai-7] (2). ( 
3)^* "S^^l?!^ ^^o] ^t] oil- sgfl cQo] a].^ T^g^s. (4)Ai^ ^g-s] ^ 

CDS] 4# ?]si7} (4)^■S: ^^^'^l^l'S DVD4 ^-SH DVDSf ^^1 ^ cq^iHSl fiJ: 7]^ ^^2] 42i ^^\-7\ ^]M^ 

'^^^^] as. 7i^ 7)]^^hi cd* ^/^^ ;qi>asi-fe ^-f cdsi- tfli- 

ia2:2l-Sl 'I'l- 7]-^^^^ 31-711 § ^ Slcf. 



(^l5^Alt§ElI) 

£47^ .^15 ^>«'l ^Sfloll tt^^ ;»I15 ^"3 ^J-^11- 711^=^0.^ £Al^ t^olcl-. £47oll ^15^^"^ 
^:^lfe- £422] ^ ^^154 nl-?l-7l-;tlS 3f'-^2l 7m 'a£7l- A^S. C^-^ ^ C]>iao]l ^^iLS] 7]^ ^ ^flAjo] 7l- 

^15 ^ ^"9 ^^Ife- Aj.^ 7)]^^^o))Ai 5)^^ t!-:^m7l- s)£^ a>:£^ eflol;^^(ii vfl;^l i3)S.JfE-la] M] 

1 Ml^l ^13^ cl>i32l 2l-z]-fil 71^^(91 ifl:*l 93)'8-°11 ^^-^W =r Sife- "fll" ^2^(14)1- ^fecf. i^fll- ^S( 
14)S.fe ^ ^:Slo|l ol^Hlfe- till- ^ZSH- ^^tV tfl# ^Sl- ol^t ^ Sa^S -^AlltV ^3^^^)-. 



^^1^ ^11 ^ t^^3o)l 71^ ^ ;<)1>S5l-^ ^S-f oil % ^^3.2] AS. 7]^ ^^3\ 4Si ^%}, 

clll- ^2. ^S^Till- ?-^^5l-fe- rii7}e] ^12: <L^l hV£^ eflol^i (11)21 ?\]2: SL7.}o\] s]^ S^^^S] igS)- 

^ ^2l-o11 al-# cfl# 5^2: -i-el ^^7ll# ^^^sf^ ±?\3\ ^fe ^^^-^ ^^d\] 

21 ^^^^1-21 ^^1- M^jsl-^ ii^^ "SI ^^Jfflc:-l(33)l- Jfl°1^1(ll)2f ^V£^ eHol^Kll 

Ml^l 13)S-¥-El2l ^AV^Sl ^^o] MJ >;f.ElEi (15)21-21 AVolsl ^^^f^ofl Bfl^ltU 5^1:1-. 
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^^^s. >ao]s]£^ ^^jsl-H sic].. ■?-^^(32)o)lfe sllol;M(ii)s-¥-Ei2) ^^o) #e)DiioiEi(30)<Hl 21311 



•^1 1^ «S^«flolEl(21)l- f-«ll ■¥-^2:(32)# ^oj^l^ €2:(14)<^ ^^21 ^>a-z]-^ 

^^(32)« ^j^a(31)°ll e^d*}^ «J-«J=AS "fiolAl?! ^^9] ^.g^^).7|. -!f^(<aci) «J-Sj:O.S. i^^^ 

91)^3) oj: JisMl ^^M. ^^]^ ^ 5at^. 



olAl5!^£ SEt!- ■¥-^2:(32)fif ^^3(31)31 'a=^* €<^1'^1?^£ 

ffi^V >«5 ^ ^^le^l-^ife T^^^^V -?-^2:(32)» ^^^S. ^ojA]?!^ ^1 «^>:3ac-1 (33)1- ol 

■g-sf^fecfl, o>sV7)-^ls. %^ ^i^^^S. ^o]A]^]^ «-Eluflo)Ell- ol^§l.ol£ sliL, ;Hl3 ^ 5J<g 

% ^'S^sf^f "cfjSSMl -y-Efll- -^^It 'T 9X^. 

ol-ir&l, ^15 ^^<a ^^Hl>^1^ ^^?lcl(33)2l ^^^^(31)2) ^ q^^H^o) ig(3ia)4V6il ^aj^^o] .^cfls. ol 

f-o]^ =i-^7\ ^-ysioi sio.ai, HVi^ eflol;^-1(ii.)s-^E-l Al-t'Slfe ^21 jii-^a-oi ^oi;^lfe «.}-^^^ ^S^si-fe ;§ 

-foil «1:il^C-l(33)2l li\Sl\7\ 9\7\^ 4^ -S->«^# y\AS.sL, «V£^ eflol^-i(ll)S^El ig-^^ ^ '2li:5aC-1 

(33)fi)- till- ^2:(14)l-7l^ -ai^Sl- SJo) Tfll c1iH2l 7]^^(91)>^ojI ^^^Ic^. 

^5 ^^"a ^*1<H1 wl-^alt> ^ el^Jfflt-ISfe ■& ■t€?]°i1 2l*l-a.^2000-330009^°il 711^1^ «l-2l- U 24^1^ 

^15 ^ ^^loll>«-1^ 2l>i^Dl(33)o1 ^^?]2:(31)21 2lol£ l^Aj-oll 2l^ ^^1- ^A^§H "fl* ^2^(14)oll>^1 

^^slfe ^Jl^Sff. Ji^gSf^fec-ll, -^^2:(32)21 ^<H£ \^^<^ 3)^ ^^1- ^^^5Fo^3E SlJl, ^-^Z^{ZZ)^ ^^Z^ 
(31)21 -if^oll ^A^5l-al£ ^t\. 



£tK ><fl5 ^^"a ^^H1>^ife 5i>.3fflc-](33)2] :^^^a(31)2l ^olE l-g^oH! 5)^ ^21- ^AjsH cfll- S!l2(14) 
oflAi t^^Hlfe- ^=^^^1-1 M^Sl-^feull. wVt^l £11^1^1(11)21 £H f-21 ^^-11^^21 r^:%<SS\ 7lol5}c.1 c)l# ^ 
2:(14)6ilAl l-zas)^ ^^^Vl- ^^5>7l ^ ^^=^^^1- ii;8-g- ^i^^^fs ^^2001 - 248819J:M- ^^2000 - 262372J:'^1 
7ilAl^ yl-!4^-8: ^ElHIolE^l- ol-g-t ^ Si'^. oF-i-e1,-&#«?I<^ 21^.^^2001 -2 10659:£<^ 7llAl4a -i^^sf ji 



cl-S--^^, £48* f- «« £4721 ^ ^fl-g ^^121 ^^o)lo] ;H1621 ^ ^^11- -M-^^cl- £.48^1 t^]^ uysi. ;y-ol, ;<il 
6 ^ ^^]«=11>^-1^ ;Hll ^ Cl>i3<i|l 71^. ^ 7l|>«gsl-fe «i|l ^ c1^H2l ^± 7l# ^^^21 ;H12: ^Sf, xS\% 

^2: f-21 ^Si-Til # ^A^Sl-^ :li;^V2l ;H]2 A^K wVS^ 2fl o] ( 1 1 ) 2l ;Hl 2 iL^Ml 2ieV 4;S-2l "dSl- 5} .2. 
J£ ^E^Sl-o|| tlf# CHI- -1-21 ^«h7ill- ^^jSl-fe- i;<l-2l ^AV ^s^oll 21 

^^^^>21 ^^1- =^^^^\ ri^^ d;;^>°} 1^ °-^^<^lolEl (21)011 21SI1 «J}-^o.5. ^o]£l^ #elDl1olEl( 

39)1- eflol^1(ll)2l- HVE^l zflol^i(44 ifl^^l 46)S-^El2l #^1-^2) ^^i^fo] ^ ^s.e]E.1(i5)S|.si a> 

ol2l ^^Sf-oll ^Hl^Vcl-. trl-el-Ai, ;Hll ^ Cli32l 7l^^(91)-*2l A,^^ f^A^ =^r^J^%\y\ oj:j^s|.;^ 

?i^^Eii»-frAit^5a<^. 
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^■Sslfe ^-^^^>1- ^^5f7l ^sH *£)DflolEi(39)2^ :^ q^H^S] ^(39a)'^oMl -g-^J^^Sl ^^2] ^iflS o]^o]:>^ 
s ^^SFfe ^^<^ #el'floiEl(39)s] «ii i7Hi^7l- 'S-^^s "SSFsl-fe 4^ ^^^i- 7)-;tlai 3X±s.s., ^V£s|| 

71^13(91 )'iholl 



i;ia2i ;SiL 7i^^(9i)'a-<^] ^J^aj^ ^ cfl-i- ia2.(34)l- iJ-fecf. 



^£ -^S ^:^«H1 n^-E till, iga ^sl ^^^t}^ %n ±z}s] 5Efe #^1- ^^^^ 2l«> 

n^^^sfsl ^^1- ii^jSl-^ T^"a=rS|-:a^ 1^ '2^4'^1o]e1(21)o11 2-ISfl ifi^lslfe -fsl^ilolEK 

39)* iM^{n)^^^H ifl^l 13)S.-¥-Eisl #Al-^2] ^A^ ^ijfoi ^^Hj ^s.£)e:|(i5)<42; ^ 



>H17 ^^-a ^J-^]^ £fl°l^-1(ll)2l f-e^ ^A^A^el ^^d\] 7]<i]t}c^ ^S. cfll- ^2:(34)ollAi ^ 

A^S\^ -Ul^^Vl- ^^5l-7l ^l5V<^ #Bl°ilolEl(39)2l % r]^^3.^2] ^(39a)^^] •§■41^^21 a.^21 ^dls 01^01:51 
^'^31-^4. i^al-'^i «e1'flolEl(39)fe- Al-fsj^ %S] ^^o] ;aol;^l^ »g-<8:o. 

S ^^Sfe ^-fo)l #ElDllolEl(39)oi aj ^^^7} fM^]^ la^Sl-fe 21-^J- Sr^^-ir 7}^]S.S., aV£^ ellol;^.! 

(ll)s-¥-Ei A>§^ #e1°i|olEi(39) 5J cfll- ^^(34)» ^afsH -ain^^V Si^l % ^^3.s\ 

7m^(91)^«fl 



^17 ^^Hl^i^ 4°]^{12)S^^^ -a >il-ElE^ (15)21-31 A}o|oi ifSf'OlDl, i.flol;;^(i2)S.^ 

Ejsl ^^3|. ^:esJ 5flol^(13)S.=¥-Elfi1 ^^4S1 ^^#611 ^ i:l>xa#2l ^(35a)A^oll ^^a^^Sl ^T^2l ^nfl 
S Olf-Ol^ sl^ ^2:71- i^f(35)l- ^Hmcl.. 



^ t]^3. ^-I- cfl-i- ^30] cfll- ^a(34)l- -f Sfl ^VH^l Eflol;;.^ (i2)S.-!f E-lSl o]%t}c^ ^ cj^Hf- 
7l^- Tfl^asl-^^ ^S. 7]# f-^^121 SH°il 21SI1 4°^ (5.tH) «<)-^-OS. ^^^5)-7l- i^^tVcl-. Df^7WS., cfll- ^ 
^(34)1- -f Sfl eflol^i(13)S-?-El2l ol-§-5H ^l3 % cl^H* 7l^- xfl^^^sl-Bl^ ^s. 7]^ ^^s] 7.\o] 

oil 2l3B M.^^ 4«a(.SLHl) ^^^Sl-71- ifi^^cl-. ;*i|7 ^ ^^l<^>^1fe Ji^ 4"^ ^^§|-fe 

2)^ %^ ±^K35)S] S\^i a^-g-^ -l-Sfl 5flol^1(12)vfl«>llAl tl-7i1ifl7)- SIE^ ^^jsl-H, <^l-i-Bl a}£ 

^1 efl«>1^-i(13)S.-?-E-i2l % cl^Hl- 7flAj§ nfloll rg^ev 7i|^^ NA3^ollAi tt^^^} S\Z^ ^ 
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£4921 ^ ^^Hl Si'^^i, ^Sl- i^K35)Sl 51^4 ^2(35a)fe eflo|;il(i2)S.-^El2l 22) ^ 

ZL^^^ \ 221- \ 32) f'?l-2l 4^<^l'^. ^12 % t^^HSl- ;(fl3 ^ i:1it:H2l A}%- <g^ol)Ai zj-zj- 



oill- l-'S 5l^^ ^2:(35a)l-. 
680nm < X B < 740nm 

■Br ^^^Sffe 4^ X B21- H^i S|^41.Al?l^ ^VjE^ eflo)^^ (12)S-¥-Ei2l 650nm2l ^4 sfl^l 

^](13)S.^^]S] 780nm2l ^2:(35a)°11 ^A}slSJ# zl-21-21 %3] sl^^s] S)^ 5: 

ir* if- 95% ol>^o.s. t ^ sicl-. 



S*!- £492] ^ 5j<g ;a-^12). ;g-ol, 7]^ ^1^0] g)^ 4,^).(35)^ ^y^^ z^^HU ^ 13)S.^E-1 

21 -i-2l-*f^l'?> sa<>l^i(ll)S.-¥-Elfi| -i-^^W S^fe Hfl^|5}Jl, MV£^ no]^]{12 ^ 13) 

S-^E-lal %^fi| ■S-<y ^1-4^21 Sl^^-i- z]-4 ;^12 % c1>.H ^ >113 ^ cl>,H<i|l cfl^ 7]^ 5J "fl^'HI 4-8-«l-^, 
eflol;tl(12)SYE^9l ^^2^ 4^ X 221- Efloi;5i(i3)s^E^9l ^^e] 4^j-\ 321 f':<1-2l 4^4 20)1 
Ai 21^ ^2:(35a)» *l^2}-5>^ ^-follS 4^^ X 22] ^4 4^ X 321 ^.^11^^ fe-S- 5|^i BL^-I- ^4. 
014^0), Sl^ 2oll>^i s]^ ^2(35a)« 2|^S^5l->a s\^i Hl^i aj^^s^fe ;§^oil u)^ oi^g].^ 2]^ ^ 
cfl2l 2H11S ^1 ^ $X^S.S., -g-cJl ^>ij-4 ;H12 i2.*Hl 2)t> 3L-i:2l ;5l5l-7l- ^4(3 

5)l-'a^t 5a4. 



l-'fi, n2 = n3 = 1, \ B = 710nm<=fl>«'i Sl^ T^2(35a)l- ^^^tffe ^-f<ifl 444 ^ 4^H2l 4r9- 

>i|2 ^ cl^HCDVD, 4^ 650nm): 97.2% 
;»f|3 ^ t^^a(CD, 4^J- 780nm): 97.3% 

?1 ^«H1 n2 = n3 = 2. X B = 710nmoil'^1 4^ ^2i(35a)» ^^^t\^ ^-f -^S, 

^2 ^ ^^3.(DWD, 4^ 650nm): 89.3% 

;*il3 ^ ^^3. {CD. 4^ 780nm): 89.8% 

444 % ^^3.3] Al-8- 4^d- "S^<^^1 -i^S-t!- 4^ li41- ^a.t 

^17 ^ NA14 NA24 NA34 7l|^ ^^T^-g 5J0] 4^444. ol<4 7])^ ^§ =:-i^o. 

S-fe ^#4 £50, £514 ^tfl :gE-ll- o]^^ ^ ^t\: SE*V, ;tl|l % 4^3, ;*ll2 ^ ^^3, ^ ^ q^i^Hl- ?11 
iill<^l NA14 NA24 NA3ofl cii-§-4^ £Hl7lll- 44 7]n^^s. ^^4£^ 44£ €4. £t!-, ^4 ^Eflofl 
44 "A^i^ ^]-%-^ 711^ i5i4* 4-8-1- ^ Si4. 
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fUmm), #41 x^ll- d(mm), cHl" ?!2:(14)oll "M}^^ K 12] ^^2] <D l(mm), 43 ^ c^^Holl 

31 4^ 7]^# ^4-21 ^^•S• TlHl* fB3(mni)S. nfi. 

0.7 < d/fl < 1.5(2) 

2.8 < $ 1 < 5.8(3) 

fB3 > 0.2(4) 



Jl-as DVD-§- UNA mi- ^aS-fe ^7fli9lO- 123410ofl 7flAl^l ^2). g-^ 27])s] ^a^AS ^^^^^ cll# ^2:71- 

491^:^ Sl^n, .aJ: 7)^ ^^ofl i.immsl *l-'5l7> sife- n^is. dvd^ cds+s) Aj-ji j:^^ ^f-s] cfli- ^Z:^. ^ 

<ii^ ^#Al7lfe ^o] s.*] u>^al5H, 0)1- .f «|1 CD21 TIE)!- (4)<i!# tV^Al?l£^ f-g-Sl ^ $X^. 

CDS] ah-i- ?]^7} (4)^1^- ■a-^AjT'lJi o^o.^ DVDM- S'gS DVD2f ^ t^^Hfi] 7]^ ^^^S] ^5f7f 
ii]M^ <S^t\7\] ^4s\7.] ^o} ^j: 7)^2- 7|l^l*l-ofl ttf-E ^-^.H €■ CD# 7]^ ^/£E^ ^fl^asl-fe ^-foJlS CD 

lij- Cfll- ^SS)-2l #2) 7l-^A^# 31-711 t ^ SICI-. 



2.42, £.44, £45, £47, £482] ^ ^^^ci\]^] nfll- ^S(14)2] 5l^ ^aEi(14a)^, 
340nm < \ B < 440nin(A) 

1- ^^>^l?lfe ^"^(om. \ Bl- 4^ iEfe- 4^ SEfe l-B(|ol2:^ sl-^J-c-lsl- ^^i:1-)2l- S]^ 2°)]>^i s| 

^S1-S1<H 9X^B.^, «]-£5fl 2flol^i(ii)^JfE-lol 4:3- 400nin2l ^o] oj^s]^ ^g^o)]^ 2^1" Sl^^^l ojaitV 
^21 sl^^iic^- e ?>£^ ^2:(14)fe a 2*V Sl^^^ % t]^^3.s\ ;giL 71^.^^611 ^ 



cfll- ^2:(14)2l ^S(14a)°ll ^£S11 efl°l^i(12)s¥El2l s)-^ 650nm2l ^o] -y^l-s)^ ^-foll^ l^j- 2I 
^^"1 -Httl^ *1-T^21 Sl^^JM-Cl- ^ #-^H|Dl cfll- ^2:(14)^ 3 1*1- ;tll2 ^ cl^32l 

7l^c3'a-<>il -S-^^loll cll# ?!a(14)2l 2]^ ^2:(14a)°ll 1^5.^1 e-llol7-l(i3)s^E-lsl Bf^j" 780nm2^ % 

ol ^'^l-sl^ ^-?-<^]fe ^^^<^1 oln-lev ^y^9] Sl^^^nf ^ ^j^s ^vajjsIcI cfll- ^2i(i4)fe 3 

isf ^^^-i- >ii3 % cl^HSi 7i^^>^6ii ^^tbq-. 



<>121- ^ol, (A)<ill- tV#Al?lfe S)^ *1-^ 2<fl>«-i Sl^ T^S(14a)l- Sja^^^ ;»Ili ^ cl^tHofl tflt!- ^ 

^2] 7]^ 4-§-S]^ 5l^^2] ^Vt^SI- ^12 % €\^3. ^ 7ll3 ^ t]^3_6\] cfloV ;§:e.2l 7]^. ^/iE^ ^ 

'^f-S-Slfe Sl^^S] ^1-=^1- A^S. t^^?\] S£*> ;*lll % Cl^Hoil ^jii2] 7]S. ^/££^ ;,))^joll Al..g-Slfe- 5l 

^^fi] ^1-^7V >il2 % ^^3. ^ ;«ll3 % Cl^lHofl t|l^ ;g^2) 7]^ ^/Sfe 7ll><aoi| A>.g.Elfe Sl^^fil 7.y^&t\. 



<^11- 'a!2:(14)2l S]^4 ^2(148)* ^^jtVfe ^-f°llfe ^<H£ 5)^4 ^a(14a)'^lAl "i^jslfe ^>£fll Eflol^i(ll)S^ 
El 2] ^^2) sl^^f' ilcfl2l 51^4^%:^ ^}^2\ s\^i^2] 5l^ Jl#o] 70%:a.c1- n^]SL^ ^2(14a)S ^ 
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3 



'7(A) = 



SIN;rn{ ) -1 } 
^"{(^) -1 ) 



£93€- "ysls] ;^]^ X B, Sl^a HlA^ ^^^s)^ l-efl°li ^^oll^i "^^^ 4^ 405nm2l it.} 
4, 4^ 650nm2l ^S] 1*1- 4^ 780nmSl ^S] 1*1- Sl^^S^ S]^ Si-IrS] iflf} fil^^y* 

SgSofl-H, -^7112001 - 195769J: -^Jiofl 7]7|1^ ^^<a ^o] t^^ ^2:(14)2l ?-2:(14a)c1|>«.-l ^>«slfe- 

E94^ 340nm < A B < 450nm^- M]^ ^y^^ 2<^l^i a] ^^£l ^Aj^ b). 

^J- 405nm2l 27.} s\^i%3!}_ 650nm2l ^S] i*)- Sl^^sf, je)-^ 780nin2) i*)- sj^^fil S)^ l:#2) ;*!] 



£94<^l>^i, ^ cl:iHS.2] 71^ 711^^011 wVS.^ eflo)^ (ll)S-^El2] ^2] 2*1- 42 ^ ^ ^ 

^aS2l 7]^ ^/££fe 7llA8ofl z}-4 ^ESfl i50ol;5l(i2) ^ ^S.^ 4o]^il3)S.^^]^ i^} S]^^-i- oj^s^fe 
^-9-<fl 350nm°ll-<1 420nm2l Ayojo] a].;^.^ p^l^ J^^S-O-S -g^^s}^ z^- 21-21 ^ cli!ia2l a}^ 4^ <S^oll>^i S] 
^ Jl^^ "9* ^ Sicffe Si^l-. -^^l, 360nmoflAi 400nmfi1 ^}'>]s] 3il-^^ ^fls sl-^o.^ ^^^s]-^ 44^1 

^ cl>iHSl '^^•sllAi 80% ol-S-S) ^-a- "S^ ^ ^^°S. Hl-^^sl-cl-. 



t^^oflfe ^^(14)21 2]^ ^2:(14a)2l l-efloIS ^^2) ^^Sj- Vi}^^^ •^^l* ^'S^cl-. 

£95fe- 390nm < \ B < 440nmi- "S^sl-fe- 43i 4^4 S)^ 6°1lAi ^^^sl^ ^4<=]2. ^S<^l^i ^'■Aj^ 3^ 
^ 405nm2l ^21 Qt^} sj^^^, Bl-^ 650nin2l ^21 4^V 5l^^4, 4^ 780nm2l ^2] 3*1- 51^^21 sj^ 1:1:21 p^] 



5E95<^l^i ^11 ^ t^^aS2l 71^ ^/SEfe ^flA^oll l^S^l e-fl°l^-l(ll)^^Elsl ^21 6*1- Sl^^i-, Al ^ cl^HS2l 
71^ ^/SE^ 7llA|oil HVt^l afl'^l^i(12)S^Ei2l ^21 4*V S)^4^#. ^3 ^ cl>,HS.Sl 7l^ ^/SEfe 7(|>«o|l 
e-llol^i(13)S-?-Ei2l :^2l 3*V ^^1%^ 01-8-5]-^ ^-f°ll 405nmol1^i 425nm2l A>ol2l ^^^^ ^-^^ 

^ ztzl-21 ^ cl^32l A>^ ^7.^ <%'^<^^\ fe* 2l^ JlaJl-l- -gl- ^ ^cffe 5J* -a- ^ -^^l, 410nmoll^i 420 
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380nm < \ 1 < 420nm 
630nm < X 2 < 670nm 
760nm < A. 3 < 800nm 
•i- "J^A] ?1 ;3 -f oil ^ n'^m. 

,aV£^ ellol4(ll vfl^l 13)S^E121 ^^o] j2.^ -f -Sl-sl 7]^ i^g ^"S* o^m^ £4 

2. £44, £45, £47, £482) ^ ^g-SlS)- ^o] rflf - ^2.^ 7)^ jtfol ^ijl-o] s)^ ^ jsfl^t ^ 

<»l-^£i. ^'■t-^ «l-2f ^<^1 n^'T NA22icf fi]^2) <g^^ -fsfSf^ l>£^fl el]°14 (12)S-^E.i2] ^^sf., 711^=^- NA3 

5Et^, £42. 44, 45, 47, 482) ^ cfll" €^(14)^ 5W2] ^2^o.^ ^^j^ ^^^S, Bj-^V x 

l°)l^i2l 7lEl»fl(mm), f-^) ^^ll-d(mm), nfl* ^2.(14)<^1 SJ^^lfe 4^^" X 12) ^#2) ^1 ## (D 1 (mm) , 
;«fl3 ^ cl>^Ho|l ^a.2) Tfl^ ^/5E^ 7]^■^ ^*j5l-^ ;g-fSl 4^ 7lS)l-fB3(mm)e1-Jl 5fi# "fl, 

0.7 < d/fl < 1.5(2) 

2.8 < a> 1 < 5.8(3) 

fB3 > 0.2(4) 



Jl^'iS. DVD-8- ilNA cfl# ^7lligl0- 123410°fl 7^]^ ^S). 27^3] ^^^AS. i:fl# ^^7)- 

ji o^^ci], ^J: 71^9- l.lmm2l ^H7l- Il'a£ DVDfif CD2] >^o^J: Jl^-f- •^■§2) cflf- ^ZS. 

t}^ ^-f "life cfli- 4-S- ^H)* ^:a.5f7l 4=1-S: ^^2. ^^^0.5. 5).^ ^o) uj-^^lsl-i:].. ojofl, ^^7] (2), (3)^ 

^- ^#^1^1^ «>^4si-°). oil- -fsfl CDS) 4# ;H2ll (4)<il-i- 'Li-#>^1?1£^ ^ xl^. cd 

2) 4^ 7ls)7l- (4)<i)^ 'L>#>^l5'lll Xl^^, DVD^ II'a£ DVDS)- ^o] ^ i:l>:32] 7]^ f-^2) ^Sl-7f 
Hlia^ <a^sl-7ll ^;«flsl^i 71^ ^v\]9] 7fl^l*>s. ^-a-o) ^ CD* 7]^ 5J/sfe ^■foll£ CD 

SI- tfll- ia2:Sl-2) -tl- 7l-^>a# 47fl t ^ 



E^K £42, 44, 45, 47, 482) % :^^]<>\] o^o^xi, ^a(i4)fe- oj-g-e) ;*ll3 ^ c^^Holl ^^^2] 4^ ^/£Efe 
7)^1: ^n!l*>fe ^-f 2) ^^Bfl^ m3ol, 

m3 < 0(5) 
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-0.25 < m3 < -0.05(6) 

£42, 44, 45, 47, 483] ^ ^"3 ^^^M Si<H^i, ifll- €^(14)^ ;()]2 ^ ^jiiS) ^/5Efe 7]^ 

m2 < 0(7) 

* t^^'^l?!^^ ^^^slo] Sicf. DVDS] ^-S- Tielsl ^a.J^ ■g-oisil?!^. 

-0.20 < ni2 < -0.02(8) 
^. 

<^-a-°flfe ^13 ^^1 ^ Efl°)l 4# ^18 ^ ^ "a cflsH ^"^tl-t^. £96^ ^13 ^^1 ^ Eflo)) iij.^ ;^18 ^ "a ^^1 

1- 711^2^0^ EAltK £42, 44, 45, 47, 48^1 % tfll- ^2:(14)Sl ?l2:fi1 7]^3f §^ 



^118 ^J-^lel till- SQa(lOO)^ eflolx-l(ii tfl;^) i3)S.-^Ei2] 44 iflpi) ;Hl3 ^ r]^3.2\ y§ 

£L 71^'a'^oHl ^^^17)71 ^S}. ^S(100a)2^, ^S(100a)s1 %^ "U^M^oi] uplsl -g-Aj^^s^ 

a] -grCflS. olf.<H^ 2]^^ ^21- $>fe- 4i;^l-(100b)* Stt^ cfll- ^2:0)c)-. g-^^ ^5.(100a)!4 

4i;^>(i00b)^ l-^^l-¥-(iOOc)<=fl ^^^s. <a^^£l:Q, 2^1-€ 'J^4"=11<^1e1(22)oI1 sisfl ^sfls. 



^S(100a)fe- SfM-Sl S^^j- X HjAi 2] a.^^ cfll- ^2:(100)21 TjH^l-fl 

(mm), 21-^ X Hl^^is] ^2,{\00a)S] a.^^ cfli- ^2:(100)oll "yAl-slfe s?-^X 12] jg- 

^Sl ^11-^ O l(mm), ^13 ^ ^^3.<^ ^jiL2] Tfl^y ^/se^ 7)^1- ^^m^ 7le)# fB3 (mm) e]- Jl 

0.7 < d/fl < 1.5(9) 
2.8 < <D 1 < 5.8(10) 
fB3 > 0.2(11) 

€2:(100a)S.fe X IS) «g^oilAl ^sl-7h Ji;^^ H)^^ ^2:1- o]^^ ^ 5^4. 
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Si S/iEfe ^M<^ 51^^31 ^^s\6\ ojcf. 

5)^ dt;^Kl00b)2| 51^ ^^(100d)2] ^21^2] yj-ia^: £42, 44. 45, 47, 48^1 ^ ^A)sl cfll- ^^(14) 
fi] S)^ ^2:(14a)2l l-eflolS ^2fil a^^^ wj-'a^ f-<y5)-S.S. 

'>}-m, 2)^4 ±^}il00b)2\ 3\t ^2:(100d)^ B. 5)^4 ^V=r nHl^l ^^^St-sjfe ^tfls] 

4>5=nl- (bz- h2+b4- h^+bfi- h^+- • • ) 

oil fiiail ;g2l£l^^ssi-^^si4Etiflfe;g^oii {<^7lAi. hfe ^^^s^E^al ^oi(n,m), b 2. 54. bg, • • ■ 

A 2^\. 4^f, 6*K- • ■ el ^S^V %^ A^{^^^ 7)1^21- Jl£ nl-g- S)^ ^^(lOOdHl n^\A{\\') 

^■f-E^s] 4^ \ 12] ^^o] ojAl-s]^ ;g 0.0)] ^v^jjsl-^ Sl^^tf' alcflo] 5l^^^^# ^fe sl^^fi] sl^a ^V^^lt:!-}, 

PD = E(-2 • nl • bz) 

ol] S\€\ :%^\^^ 51^^ ^S°U-2l Bl-^(mm-' )7V 
0.5 X 10 -2 < PD < 5.0 X 10 -2 

1- ^>#>«-l?l^ ?J°1 «l-t2lt^«^l, '^ll- -f«ll iH|oH{ll)fil JES-^^ofl ^a(lOOa) 

21 6\^% ^l-Tl] ^ 21^1-. 

i^A^ ^El%vo.s.^ £42, 44, 45, 47, 482] ^ ^«<a ^*l2l cflf- ^5:(14)2l- ^o] ^^o] ^^^>^^oll S] 
^ ^-f oil HlSi) 5]^ 4i;^Kl00b)l- 1>*7] ^Tll t =r 

2];^ 4:;<}(l00b)2l Sj^ ^2:(100d)l- sg^-**^ ^-^^^ l-eflolS ^i:!-. 
lOOd)!- sg-a-a-oll ^^^Sf^ ^4 HI -fan n^S-ass l-eflo]^ ^2(100d)l- ^ $X^S.S., 

S] ^^o*- ^A^] 2]°]: 3)^ J:^2] ;<-l5>7l- %^ ±AA '^^^A. °l ^-f°ll ^2:71- ^^^^ ^^3^ 



oV-i-Si. >98 ^ ^"9 ^J-Sjfe m % cl^H«fl 7]^ 51 ;<ll^a5>^ ^ cliiiH2l 71^ ^7|12) iL^K 

"fll- ^^(100) ^^^s}^ ±AS] A2l ^A. 5llol;^-1(ii)2l ^S. ii-^Hl S]^ A'^S] 

^^M- ^£ ^Sl-<^1 A^ %n ^^j. 

ol] 2lt^ ^-a^^hs) ^21-1- il^gsffe ^^=^^^V a.^ ±A91 1^ 'ai^°l]^lE.1(2l)ol] 2)811 "^^^S. ^olslfe- #el 



«V£^ sllo]^1(12)» ol-8-s><H cfll- ^^(34)1- -f Sil ;tl]2 ^ cl^Hol] 7)^ ;tl]Aai- ^s^sf^^ ^S. 7]^ ^ 
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/SEfe- ^«Jt sas.^ 41 7]^ ^iS?] ^Hl-^ «5:(liO)l- "T-^m^. 



^a(110)2] #^^^S) ^^fil *c|iS. ol^<H^ Si^ ?-2:(110a)7l- ^>yHl<H 5afecl o) S]^ 

^sfe "a^fsiir ^al #<»Wfe ^^^s. ^^^^ ^^^^1-71- ^^^S ^^S>|r ^^^^1- 

<^}%^. ^3i(110a)fe aVS^ eI|ol;5l(i2)2] ^^g-ofl o^^lsl-fe Bj-^oflA^ ^a^^sjos ^i- 



13)S-¥-El2l %°^o] -f 2fS>fe :^soi HVtESl) i5||ol;^-1(i3)2f ai ^^e^E:|(i7) xfols] ^Sf"*!! S.^ 5!f<y 

igSI-sVi- ^-g^^l-l- iL^SU, eflol^i(13)l- 01-8-5M cHl- ^^(34)1- -f ^l3 % 

3.S\ 71^ «J/£Efe 7M ^ ^12 7l# ^711 *H Ji^^ ^1^?] 5H#^ ^Hlt^Cf. 



^^(111)21 ^S^-'Sil-oll^ ^^€^2) ^^2] ^tflS. 0)^01^ ^S(llla)7V ^>as1o] Slfecfl, 

<a^l-Slfe 3j.;«^o) #0].;^]^ ^^effe ^-f ol] ^^^^j-?)- ^^J-^^.^ ^S^Sj-fe- 

^^^^ ^trt^. 

SI^ ^2(llla)fe el] 01^-1(13)21 sh^J-o)) <a^l5]-fe 4^0.^ ^^^s\o] °X^B.S., "^S.^ s\^i Ju# 

^)9 % ^"S ^cJ-^le) cHl- €^(34)2] NA14 NA221- NA3S) 7fl^ :^]^ ^^±S. ESQoll S^lll 

^fif *cfl ^E171- ^^aslo) Slfed], o) ^c}] lEl^ SSHl 42}. 7HS^, ^^^^ 7)^ 

^ll^M ^«J*Vfe % ^^3.s\ ^^<^] n^el- 711^71- ^^^gofl tcl-al. :^ ;5)-Al2l ?l:^^t 



<^V*5l. ^19 ^ ^J^lfe ^ll ^ c1ia.<^l ^ji* 7l^ ^ ^^ll^asl-fe^-f oil ^ nl>.H2] 7]^ ^^2] 42i 
cfll- ^2:(34) -§-21 ^^j5>fe iii^sl ;Hl£ ^S.^ £flol^i(ll)2l ^^Wl S^ev 2).;S-2] 

^£ ^£ «^oil nl-^ cfl# ■i-21 ^S|-7i)l- ^^^51-^ %n ££fe 

oil 2ie!- ^^^s]-2i ^^1- ii;gs>fe ^^^^1- il^ ih;i>?l i# «!!4'o11o1e1(21)«>I1 2i*ii %^ ^i^o_s. ^ojslfe- §s] 
°llolE.-l(39)-t 



iEtK #21 El (39) 21 ^«t-^>8-oll^ ^4]€^2l ^^2] ^tfls ol^ol^ S\^i ^2(39a)7> ^^is\o] SX^z^], 
Sjfe ^2] 4^J-o| 'a-»j=o.s ^^^^ ^-foll 5|^i ^S(39a)^ #al°llolE-l(39)2l ^ ^7]^7} #oHfe «<}• 

<8=o.S. Sl-^-^'^^* 7HS.S. -SHlDflo) £-1(39)21- cfl# ?!2:(34)» ikS^n ^<^]^Hll)S.^^S\ 

;«lll ^ q^iHSl 7l#^(91)>S-oD cfl^f. ^^^} ^o] ^^^t^, 

^ ^tg2l ^A] ^Eflofloll oj^t nfll- igaiS^ 1^21 ^SS. ^A^Ja nfll- ^2: 0)2101) 2^ o)Aj-s) 
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olS>si E 1021 ■r'5'21 S^<^ E(£fee)l- o]-8-«H, -il- 1-^ E-02(= 10 )fi1- ^o) «4b1- 



^19 ^'^I'^l^ "i^^ £42, 44, 45, 47, 482) zj- ^ ^j-S]o)l aj^f- oj^^ cflf. ^as., 7]^ "as?]- c)- = 
3#fi-2l ^ cl>,Holl ^a.21 7)s. 5 ;fl.«jjol 7>^*>cl.. ;»1|9 >a>^H2l ^2. ^'>§^ «a#<fl Sa-H-^i. Xll ^ 
(^^Aj) HVSfll eflo];^-]!. A}^t}^ %mt!S\o] jia^s. % ^^3.)^ X 1# 405nm. 42 ^ i^^3(DV 

D)-8- ^12 ^^121 4^ K 2« eSOnm, ^l3 % ^^3.-%-(CD) 43 ^l-^ K 3* 780nm-^S. ^JL, m % ^^3. 

21 UJ: 7]^ tl^ O.lmm, 42 % ^1^32) Ji^ 71* t2fe 0.6mm. XI3 ^ r^^B.^ 7]^ tS-S- 

# 711^^ NAl, NA2, NA3^^ 0.85, 0.65, 0.50* ^^^JL 9X^. 



£53 ^^ H55°ll £92) cH# ^^2] A 1 = 405nm, \ 2 = 650nm, X 3 = 780nm<^l '^i 2] ^£.£1- JEAl5>«i:f. :^]q 
^AHS) till. ^2:^ ^^^2) ^^^^2] ^^9] -S-tns o]^<H^ 3]^ ^Sl- 7VX1II oj^cl], ^ r^A=fiA] 

f'2] ^ms\<^ SX^. Et>, ^19 ^AHls] cfll- ^afe. X 1 = 405nmollAife ^1-°<^^S. S]-' 

H, \ 2 = 650nm ^ X 3 = 780nm<HlAi^ Af-^fo.^ t}<^c\. o]^:^o\x2 = 650nm ^ \ 3 = 780nm<HlAi ^ 
«!• Al.«y:6.s. «>o^ ^ c1:±iHofl HJi 7]^ ^^7> ^ 42. 43 % ^^:^3.<^ 1-AV -yAl-Al?!^ ^l-* Tie) 

•^iS. t:+^ #^3] ^ c1>iH2) 7]^ ^^9] 7]-o]dW 7l'?)5}o^ «e^AjSl-fe ^^=rSl-^# ^^A]^ ^ o)^ 



^S)-i) 4 




5 




(;«l|9^Aloq) 
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£.56oil ;<fl9-^Alailel cfll- ^^2] x j = 405nmo)l cflg 7)]^^ 0.85^H2l t^'St^^VSI- EAlsf^cf. se*^, £570)) 
X 2 = 650nm°il cH^V 7|1^^ 0.65^>^l2j S^lsh^i^. S:^, £58°ll X 3 = 780nm°l) cflt!- 711^=^^ 0.50 



X. 1 = 405nm, NAl 0.85. tl = 0.1°^ nfl 0.007A. Irms 
\ 2 = 650nm, NA2 0.65, t2 = 0.6<a nfl 0.003X 2rms 
X 3 = 780nm, NA3 0.50. t3 = 1.2°^ nfl 0.002X 3riTis 



£tV, £59<H1 X 2 = 650nin<Hl tflej c^.^ j^^>z^i.£^ EAlgj-^nf. £59^ x 1 = 405nm2l- NAl 0.852) S^o.^ 
l^^slfe- 2:Hj7ll f-^^V ;^ll.o^ X 2 = 650m2l <aAfA]^ ;§ o-o^ ;^|9 ^X\c^9] nfll- ^2:2) ^^^^V 

S-olc].. ssgoj ^^^^).£oilA-l ^ ^ Si^ ^11 -M-^l^ilS) .cHl- X 2 = SSOnm. t2 = 0.6mm2l 

"^H^W NA2 0.657W2) ^^-i- P]S] ^^7.ys: 42 % c^^HS) ^^a. 7)^'a^°il NA2 0.65^1^ <q^^ 

-f ^l-sl-^ s ^^^^|.(ois|. - ^efloi- 5^. = ^^SAl^ofl ^e]- 42 % ^^^3.s\ 7]^^(92)^<fl ^ 



S£tV, £60<H1 X 3 = 780nm'^l cfltV EAlsf^cf. £60-8: X 1 = 405nm2l- NAl 0.8521 S^^S 

^^5)^ 2:el7ll -g-^*V \ 3 = 780nm2) <a>^W-:[] ^^2) ;Hl9 ^Alofle^ cfll- ^^e) ^ig^ 

^fSojq-. £602] ^^^^f£oll>«-i ^i^StX^^^^, 49 ^aH121 nUl- ^afe X 3 = 780ntn, t3 = 1.2mm2l 2:^ 
°11 EflsH NA3 0.50^'}^l2l ^^1- 7121 ;'fl3 ^ cj^ae] 71^-13 (93) >^i-o|) ^J^aI^Ih, na3 0.50^.1^ 

21^* f-2)-5V^ t^Wl- "e^^S^l^'°fl ttl-e)- ^13 ^ q^H2i ;§iL 7l^^(93)^J-°ll ^J^sl^l Sicf. 



7.}7lr ^n^iX 1- ^^2] 4^0.^ nfl, 0.07X rms ol*l-)2l ^J-eDS. ^J^Slfe- 7l-el?lt:l-. o]^ :^o] 42 

sl-^ % cliH2l 7ls.^-S-2| Ai^o] ojAj-o.^ 4o>;=tl>^l ^0.0^^ ^ q^^Hs] iij: 7l:&o) ^^oi] cjisj-o^ 

^Ml- ^4. <^l-i:&l. 7]^ A^s. cj.^ ^ t^^aoll Cfl-§-5l-fe 711^ ^§ '^^'S^ ^^It ^ja.71- 9i O^S, 

71- :LV^«ll;«i Hl-^^lSl-i:]-. 



^19 ^Aloijo^ tB§ ^aollAi^ ja'aS'?] ^Mlcfl ;^ll ^ q^HS**) JiJl 7]% tl* O.lmm, ^^2] 
405nm, 7ll^^l- 0.85S 7}^^<^ %^ ^Tfll- ^^sj-^J^cfl, zi ols^sj xj-ofo] cl^^aofl nflSllA^s .g. ^x§^ 

>112 % >^^H(DVD)«^1 ^J-^ 7ll^^l- 0.65, ^l3 % ^^3.{CD)<^] cflt^ 7l]^^l- 0.50^5. Sj-cx^ ^ 
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^ 'g^fl^iofl^i " ^'St^^H- (-y^^si-Tll) , " rcf^i*!-^)) S-^i^'^" cfll- ^z<^] <a^>H) 

it^fi] Aj.^ 7lI^^gio|lAi ^7.}?} 1- ^^12] 2l-^J-ole]-Jl afl, 0.07\ rms S.^ 4t^*l- 

Tflfe- 0.05X rms o]^,)S] ^^S. ^k^Si^ ^t.}^ A^^h 7}B]^t^. 

ai3o)l ^19^^1^121 cfll- ^S2l tflolE-ll- H-^vfl^c].. af^oll n,{2,{3^ 1, \ 2, \ 3oil'<'i2] nfl 

# 2:^ Tie], ml, m2, m3^ 44 4^ \ 1, X 2, \ 3<HlAi3] ifll- ^afi] :i^i-nll-i-. HV;g, dfe ^ 

. ^. Nk 1, N\ 2, NX 3^ 44 4^ X 1, X 2, X 3oilA-la1 ^^f-, v dfe d-tl'^l'^isl oM^^^ ^^'i^. 

[513] 

s)-^ X 1 = 405nm"a «!) 

2:^ 7]El fl = 2.35mm, 7l]^^ NAl = 0.85, ^Ifaflf - ml = 0 
s^-^ X 2 = eSOnm-a nfl 

^2] f2 = 2.43mm, 'S"'^ 7l]^4" NA2 = 0.65, ^-^Hfl^ ni2 = - 0.05 
4^ X 3 = 780nm<a 4 

2:^ Tie] f3 = 2.45mm, "S:^ 7"^^^ NA3 = 0.50. ^'^Hfl^ m3 = -0.10 





I 1 i 

« -6.m>E-C1 0.OCI006«O0! 

Hi S.252<t-C3l 7.16t2E'«2i 

At -6. (U2E-C4; -3 326aE-«2 

M 1. IfiSHISi -1. 7i37E-C3 

Al» -3.18S4E-04; 4,79IO£-03 

Alt -12350E-0J -5.77e7E-04 

Au 2.M4aE^5! -i.itsae-M 



li 



bi 
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£^ 5H£ S)il, \ 3* Sl^i-S Til^Sl 7l§ SH 4^J- \ 32) %2] Sl^^^o) 2)^1)7)- Sl£^ 3H£ 

•i- 7il^2) 7l§ 5H£ ^IC)-. <HCEle> oj:;^Vo^ ^;^] O.^ ^ ^tgo] :^ ^^]ci{l ^^ 7} 

cfli- ifflss t ^ sac)-. 



5:i3Sl iffla Clio) El oil -"-i 711^^ sl^^o] cl-^ <Hi£|t!- *fx2l e Sl^^^^i- l^j 

(^llQ^^Hl) 



H<H1 cfl^ ^MS) 71^ ^ 7llA|ol 71-^Sfi:)-. H'gJEO] SMnfl ^fll cl^iHSfe 7]^ til- 0.1mm, ^^^l 
4^ X 1» 405mm, 7)1^^ NAl-l" 0.85S. SfJI, ;(1l2 ^ t^^3(DVD)S.^ ^Si 7]^ t2l- 0.6mm, %^3] 

4^ X 21- 650mm, ^o'"^ 7ll^==r NA21- 0.65S S>i, ;^l3 % cl^H(CD)Sfe JiJ: 7]^ t3l- 1.2mm. ^^2) 
4^ X 3* 780mm, 7ll^=^^ NA3# 0.50^5. sf^cf. 



sen >I110 -a^Hfi) ^J^ ^^;^12) X l = 405mm«fl'H2l ^SSl- £Al5].^c|-. ;»llio -iAHe) ^S|-;^1S1 #El 
^^i^ *^«^4 ^r'^S. o].f.o^^ 5]^ 4Sfl 405nm°l]>^i 4^ ^o]^o.^ ^^Sj-fe- ^^^oi] sejo]iol 

E14 «! #<^Wfe 4^ 7V4JZ 9X^. m %^^s.^^ >^V#4fe- ^4 405nm<HlAi 4;g- ^o] 

4 €Sl-%^4 -?-^4 ^-¥-^-^5. sfn, <^l-^el #e|D|lolEi2] 7is]2] 2=5^-5.s S7^>i4 "^si-^ai ^^ifl 

^l* ^''i"^^ ^Sl-<^1 cfl?!- tfll- ^2:4 7]E]4 2"$^^^ -ff^^?v "Jj i?1^2] ^4^4 ^4cH^]2l- 71 s] 

i}S.S., >«1 ^S] 4^8-01 ^^51-^ ;8^4 t«# ^2:4 2:^ 4^14 ^^i- ljL>iht Si 



£.62°il ^llO ^aH14 ^^;^14 ifl^ ^^2] \ 1 = 405nm ± I0nm°11 7ll^^ 0.857}42l 

£^l§>5ai^. SE^, E63<fl ;«112 ^A]o(|4 ^^TilS] #E)pl]olE-|4 cfll- ^^2^ ^Aj;^l2) x 1 = 405nm ± lOnm-Hl 

711^^ 0.854^12) ^^^Sl-Sl- EAl5}^4. £622| ^^^Sl-£oll £Al^ ;HllO ^Aloi)4 rflf- 

7l§ 4^J- 405nm'^lAi ± lOnm 4^J-°1 €4*1-^ 4^)7)- 0.005mm id^^fec-ll, aj.^^ u).sq. s.aJ 

* Sfe #H]°fl°144 S^sl-^ S.632) ^^^Sh^oil £Al^ 7l§ 4^ 405nm°ilAi ± IQ 41h<^] ^^sffe ;g 

•f 21 2:^ 4^121 ^^%=# 0.002mm ^Tfl t SU^-. 



SE^, MV£^ eflol44 ^^c^ S)61- 4:a- €3^^* ± InmS 7]-^^}^ ^IQ ^/:\<^9] till- ^2:D}-4 Tfloll 

A^s) a^i^Alo^ 3^^>r^).2l cliTH^ Aj^^O.ieOX rmsS Sl^ oVTlll- "^olalel^nv ;ti]io ^a],^] 

^12] #elD)lolEi4 i^li- ?]2421 ^Aj7jlollAl4 £SJl^Al4 4^^^1-21 cli?1>i A^^^ o.OOlX rms ol^l-S, 4^ 



<='f*e1, ^llO ^Aloi)4 ^4^1^ ^ cl^iHofl 7]^ ^ AflA^s].^ ;§.foil ^ i::]^34 .S.^ 7)^ ^^1)4 



- 93 - 



^7m^ ^2003-0030926 



il- SEfe ^^i: 2)ev ^^^^H i^^l- ^'S^^l- il^j i;^l-{E452l ^^^l" 4;^1-(23)°)1 



^ ^i7l 4s.%-s\ ^71^ ^1<H5H ^71 ^i* ^^W^ ^ Sl^ -f 

0] m. 



mo #^1- ^5. 71-^ ;fla#s] ^^oi] ^ajoi ^t^d^ N(x , h)*, hi- % 

^3] ^ol(mm), No(X )!• &i 71-^ ^flSf'S) ^^^>2l j3l-;j|- X 'Hl>Hsl a 2, l" ^^i" &i 

^ ^ nfl, 

N(X .h) = No(\) + SA2, • h2'(B) 

S) l-el-i^^ *i^2l ^ tq^HSl 0.1mm2) 7]^ 7]^ c)]"}. ± o.02mm 

21 43-. Si-^M 2l«ll ^S^7ll«illA^ ^^S^^ ^^^^H ^^1- ^^^^ ^S. 7}^ 4S.%-9] ^^a]^ 

X+Efvflojc^.. #5^i^.6l ^aofl ajSll -e-S. ^^o)l ^^71- ^E ^Sj-Alofl 

^a2l ^^-i- ^Sl-^V-g- olBlefef)], 3 ^^^^ - 10 X 10 -5 /icolcf. 

[ai4i 







«4 oi^'i «j| 3£»| 4« ^ 


NO(A) 


At 




-lOnm 


&l42An«M 

aM7AT1TN 


Oj007AnR* 
aolOArm 


rS31S3 


iBB3CC-04 
-S.7n0E-O4 






0013 Anm 


OjOClAira* 
aoCtAm. 


1.53<»1 






««««« 
-««an 


mm Am 


OOlOAftM 
aj»l|Ami 


^^xao 





fEth ;«fllO '^^H)21 ^ShTiHlAi f-el-^6^ ^£)pi]olEio]i:f. ^ev, ^£ -dsj-Alfi] :^^2i 4:5). ^^^^ + 

0.05nm/1CS Sj-Sgc).. l.l4<^Ai o]:^ ;g-f3l-E «a=:£8l-7il Sj-^^SV?]- Ji;^^©!! nfal- 0.8521-fe- fe'S- 7ll^^l- IAS S^ 
c|>iH<=11 ^iL* 71S. ^-f <flE ^^Efl7V oj:^e> ^ Sic!-. 



£EtV X14<H1 Sil<H^i Ji^^ 2)-^=^S)-fe 4^ l^^l-Oll of s 4;g. ^^4^ 

7l^ ^^2] iL^Vl- -^-o^sl-fe ^-fol) 71-^ S-ii- 'gS|-Al7l7l o]^, ^ 7f^ 

;«l)^f'2) ^^i-i-o] sv^^g-o] No(x nfl2l ^ai-;^l2i jz).^^^)-!. 2)oitH, iL^i "1^2] 4^^^!.^ 4;^}. ^^j. 

^E 53 ^-e- 7)^ ^?^2i ^c^t}^ ;§^o|i 71-^ 

a#<^l 2^f2l ^^^-i- Til^ A221- No(X )!■ oj-g-^H ^7l (B)<4-^S S^slfe ^i* "ll 
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£64 ^ £65°II ^llO ^Aloi)2] ^g:^ %nn]S] cfll- ^22) x 2 = 650nm, \ 3 = 780nmoll^1s) £a1§>^i:]-. 

£66°11 X 2 = 650nm<^l cflt^ 7)1^^ 0.654^12] T^^'r^ft* SAlsV^cf. SESV, £167<H1 \ 3 = 780nmoil 
71]^^ 0.50^'M2) ^"S^^l-El- S^lsf^t^. ;HllO ^^M^ cDf- ^€#2] Hl^^i>Vo)l f-^J^ 

^21 ^21- 7}7]ii 5a6.o^, ^221 3^^si] % c]^3fil 7l# f-^flaj ^Vojofl s^tsfl t 



^llO ^^l^ilel ^^hTiHl-^ife ^ ci>:a<Hl ^j:a2] 7)^ % >^^-i: ^m}^ S-i 7)-^ 

Ell- XlCl-. ;<11lO ^AloilS^ ^^TfloflA^ Cfll- ^aS) Afo)£] H|5gSj ofl ^ ^ 1^ ^S-^^y]. 

£15<>11 ;^110 ^^<4]S] 71121 X 1 = 405nm°ll cfl*> c-11o)e1# tAlsV^i:}. £153) ^2, ci)o)Eio)lAi ;Hl2 
[il5] 

4^ A. 1 = 405nm^ «8 

7]El fl = 2.35mm, 7fl^^ NAl = 0.85, ^^o'-ufl-i: ml = 0 
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4. 14UE-9S 









£16°11 ;»1110 ^M<^S] ^S^7lls^ \ 2 = eSOnm ^ X 3 = 780nin«i) cHojE-H- ^aJsI-^uI-. 

[£16] 

21-^ X 2 = 650nm<a nfl 

2:^ TiEl f2 = 2.43mm, 7ll^^ NA2 = 0.65, ^-S-Hfl^ m2 = -0.05 
4^ \ 3 = 780nm<y nj) 

2:^ 7lH] f3 = 2.45mm, -^-^ 7fl^^ NA3 = 0.50, ^-S^Hfl^ m3 = -0.10 
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2* S)^4^ 7)1^21 7l§ 5>c^ K 22] ^2] 2|^4^^<^1 2lcfl7V S]£^ 5]-a^£ li]jl, S]-;})- A. 3-1: 5|^^ 7j] 

=^2] 7l§ 4^j--^S Sl-o^ 32] Sl^^^o] 2)cfl7l- £]£^ Sl-o]£ ^Cf. 4^J- \ 12) ^2] 5l^J.^^4 

4^ \ 22] ^2] S]^:^^3l- 4^3- \ 32] 5]^^%=2] ^^o) ^-^^ s];g^ 7j)=^fi] 7)^ 

^-f^-^l n^s] ^7i] ^ %v,3s] ^ ;a-^]6|i 7]-^^ ^^^t ^ 



S£^, SIS ^ S162] ^2 cflolEioll o^o^xi, tfl# ^2:2] ^5] Tj]^^ 1^|- Sl-^^^o) <Hn:i?l- ^}-^ 

2] 5)^4 3. S]^^^^^ ^^Sl-^o.^^ 2*1- o]^3\ H^VS] ^^^^o] c].^ o]it|^ S)-^21 S]l^a.c)- ^ S| 

€c]-. 

E^, S15 ^ £16^ fl, f2, fS^a- 2]-z]- 4^ \ 1, \ 2, X 3ofl>^l2l ^^g- ^«]-;^2l ifll- ^2S| 2^ TjE], ml, ni2, m 

3-8- 44 4^'- \ 1, \ 2. X 3°ll^i2^ ^4f7|)2] cm- ^^2] ^^i-hii#, ^f- ^ NX 1. NX 2, 

NX 3^ 44 4^ X 1, X 2, X 3<^]'<-i2l V dfe d^°l]'«>l2] oyvi^^^ oj-f 2] ^Ajofloj cllojE-ls] 

(;*llll ^Alo))) 



^iii 'a^i°iifeE462] ^sj-a ^j-^ioi] 2]-§-t^aife^j^^«}-;^]s., 7]^'a£7i-A^sc].= af^^s] ^-cj^Hi^n 

tV ^Ji2] 7]^ ^ ;<ll>^^o] 7f^§l-4. H-aso] ^m^H c]^3.S.^ 7]% tl* O.lmm, ^^2] 4^ X 

405nm, 71)^4^ NAll- 0.85S «1-j2. ;«fl2 ^ c]^a(DVD)£fe 7)^ ^^1] t2l- 0.6mm. 4^ 
X 2* 650nm, 7H^^ NA21- 0.65S. 3>Jl, ;t1]3 ^ nl>i3(CD)S.fe- ^J: 7]% t3^ 1.2mm, 4^ 
X 3-i- 780nm, 71]^^ NA3* 0.50-^S s)-^c]-. 



£68<H1 ;^]11 •i'^l^il^ ^«l-;il4 X 1 = 405nm<^l'<'-]2] ^S-S* £A]s]-«t:]-. 5E«K £69-^1 ;«fl3 ^^1<^]2] ^ 
«^^4 X 1 = 405nm ± 10nm<fl "fl-^ 7fl^4' 0.85^1-^14 ^^^^l-l- EAl*>^i:f. ^a]c^s\ -tEjoflolEl^ 
0 ^AH2] :?J^ ^^;^]2] #s]t>|lo]E-]4 nl-?!-7h4S. ;«fll ^^o.s-^E-1 Af#s]^ %3] s^^^o] 405nmS. ^J-4^^ 
^S. ^^oil ^ c]^3#2] H]^^>i,H) -i-^l-S^^ ^^2] ^nfls. ol^o];5l s\^i ^^^4 ^-g--^! 4311 

#HlDllolEl4 ^ 3L?1ifi7l- #o>;»l^ 4;^ ^Aj^ 7}:^]v^, ^^o_s.^b] 4#slfe ^4 ^^o] ^^gj-fe fi] cfl 

# t^s] 4^)4 ii^j-sV^ ^4. ^13 'a^H14 cH# ^2.°J-4 n<^W^ 3.B. s.^^]2] 4^=^*1-2] 4i?] 

^ ^^^o] O.2OIX rms-yiH] a]5l-c^, #s1b11o1e-14 n])!- ^2:2] TjloilAi 4 a. c 

Ai4 4^=^^^]-4 c]5.74>; 0 003X rmss, 4^ ^4°i) 4# €2:4 4^ -S"^ 4^14 ^47]- «jf jls)-?]] ^ 

^^4fe ^ m. 



5]-^ ^-f*^] % c]ia4 JiJ: 7l# ^MI4 ^12 ii-^^K *e)°)l<^lEi ^4 ^^^11- ^^^s]-^ 4-.4 

4 ^2: 5.4, ^^2] >os 5.4<fl 4^> 4^4 ^ ^£ ^£ ^^«^ 4-^ "fll- ?!s4 *e]°]]<^lEi ^4 
^ ^4^7i]^■ 4^44 €^ SE^ ^^l- ^^<>|] 4^ ?-^^44 ^^l- Ji^sl-^ ^^^4 iL^ i 

4* ^^4. 
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ai7oll ^^e) ^]2i S.7\d\\ 405nm2l 7]^ cflt!- ± 10nm£l 25''C2l 7|g- -g-Soil cfleV ±30 
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^110 ^^\<iA oj.$V7l-xlS ^£ ^S^Alol]^ ^2:2) ^^-i: IIS^5>fecfl, =L ^^^^ - 10 X 10- 

^121 "a^^*- ±0.05nm/X:S Sj-^nl-. 5E*V, ^^^^ f-i yl-ifl %^d\] ^^o^ Hj-^ofl ttj-^ 

^ ^110 -a^^joilsf 4?l-7Ws (l)-i] v+E^^<H^i^. S5°1lAi <Ht£itv ;§-f^ °cf^3]-7fl 3i-^^sV7l- a.^^sio|, 
0.855}^ 7ii^^l- ija.s s)-^ ;H]i % c^^iaoi] 7]^ ^ n'^^^ ^-f^ilt ^Hi- ^i^ ^i-eiI?!- <a=sl> ^ 

^ Sit:?-. 



E70°ll -ill ^Aloil£l ^«h7il2l X 2 = 650nmo11'^i2^ SAlsj-^cf. £E*V, S/Hl ;<flll -iAlc^le] 

^S|-?I12] X 3 = 780nm<^l^i2l ^S-S* SAjs}^!:?-. £72°1) \ 2 = 650nmo11 tflt> 7fl^^ 0.65^'}^)2l ^^t- 
SAlarj-^cl.. at!-, £73<^ X 3 = 780nm<fl 7ll^^ 0.50v\7\9\ ea]5).^c1.. ;Hl3 ^Alojjo] 

^«1-71121 till- ;^)i c^^H ^-g- cfl# ^iSM), \ 1 = 405nm, NAl 0.85, tl = 0.1mm, ^^^^ m 

1 = 02) 2:^-^5. ^^^F7)- S\^^ ^^1- ^l^ojcf. 



eV 31-^ 71 Ell- ^MsV^nl-. fil8°ll 7]^ ^v\]s] ^yo]6\] 2]3|1 ^^i}^ ^^^^V* .a.^j*V ^41- H-El-i|5icl-. # 
^i: 71-^ 7llS.^2l %^cn] ^3]oi «j-^o|l ;^]2 ^AHl<4 ^<aer>7ll (l)<il ^^^o]^^. 

at>. 5*1- °l^J-2l Jl^l- -^i^^^^l-^ ''^Si^n li^5>7l ?l5|-o^ 2:^1-21 g-i o)fil6I| 4jtl.o| 



[518] 
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(fUI^jtS. >.>*eniw\ t2«0tain«) 




i QjOOlArtm j 




-ieM0£-«9| •&41»E-04 






j OAttAiim 1 


IJttll 





- 98 - 



^A^^ ^2003 - 0030926 



^, SSQofl E^l^ H>J4 ;a-ol dll- ^^(34)S1 (34a) -iJ-o)] NAl4 NA2°11 cfl-§-5rf^ ^ 'S^'^l ^ 

El(41)l-. NA2S|-NA3<H1 tfl-i-sl-fe- ;«1|2 ^g-cfl^ <S^o|l ^tfl ^El(42)l-, NA3 o]§l-fil ;^3 €^ «^ ^^1(4 

3)1- 44 ^^^sfjl olc}. 2^- :iE^(4i ifl;^) 43)^ z]- ti>Al.-|-ol £510]] ^a]^ yj-sf 4^ ^l^^^^ ^Z.^ ^^^5] 
«H Slt^. ^S^^t ^ 650nm. 780nm4 ^g-o] t:f# ^^^2] z}- ^g-^o]) cflgj-o^ 7)]^^ ojA^val 

# *l-T£l:s)-u2 sl-^J- ^ 405nin2l ^afA]?]^ 7.}%^±s. 7H^# NAm NA221- NA3 ©.S. 'Xlcf. 

«>11^ 71]^^ ol>y-Sl J^^^ SVc}-t V]^3.3] 7lS.c5>S-<HlAi ^5)-fe 41-^ ^ j^c].. 



ai9°ll ^lll ^AHlSl ufll- ^2:2] ^3 dlolE^l- £Al§l.^cl.. SigfiJ t^lojEHAi ;»)l2^fi] 3]^^ 7l§ 

(5191 

\ 1 = 405nm"a ^ 

Tisl fl = 2.65mm, ^^-^ 7ll^^ NAl = 0.85. ^-^^-t ml = 0 
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£20<H1 4U ^^MS] ^S^7i]31 A. 2 = 650nm ^ X 3 ^ 780nm«Hl tfl^ ifflS ^0]^]^ S.^^t}<^^. 
[E20] 

4^ A. 2 = eSOnm'a "11 

P]^f2 = 2.72mm, ^^-^ 7fl^^ NA2 = 0.65, 1^hI1# m2 = - 0.10 

A. 3 = 780nm^ n)) 
2:^ TIE] f3 = 2.74mm, 7)1^^ NA3 = 0.50, ^iJ-ttfi-i- m3 = -0.10 
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(>0i2'a'«'H) 



^112 £47^ ^^l^ll ^-§-1- ^ Si^ ^Sl-TilS.^, 7]Sr -iEyl- a^s. S^-^SJ i^- c)AH«ilI 

nfltb 'gSLS^ 7)^ ^ 7Fjol 7>^5hcf. Jl^as?! SMflcH cl^HSfe Jti.:^ 7l# tl* 0.1mm, ^^21 

\ 1^ 405nm, ""^^ 7)1^=^ NAl^ 0.85S. ;«1)2 ^ t^^a(DVD)S^ ^S. 7]^ t2l- 0.6mm. ^^3] sj-^g- 
X 21- 650nm, -S"^ 71]^'^^ NA2# 0.65S. S>ul, 43 % cl^H(CD)Sfe ii^: 7]^ t3* 1.2mm, ^^2) 
\ 3-i- 780nm, -^-^ 7l|=^^ NA31- 0.50-S.S sV^cf. 



£74011 ;«1112 -^AHls] *^;^12) X 1 = 405nm<^1^1el ^SS* SAltj-^cf. HtV, £75<^1 ;Hll2 -^Al<:^le] ^jj^ 
^«h^l2l X 1 = 405nm ± lOnmofl 7ll^^ 0.85^1-^lel ^^^^Vf- iAl5>^cf. ;Hll2 ^^l-^le] ^«1-7ll<^l>^1 

1] q>i?lC-l# ^A^sl-fe- ^^SSl <3=^Aj.6|] ^A^^ §>a«^2l ^^S1 ^tflS. o|^<H^ ^2,3] 21^ 4 

1 ^^j5.5.-?-E-) Al-^s]^ 34^0) 405nmS.-¥-E-] ^sf^^o.^ i^SI-S}-^ ^^-fofl a} Q^^^sgc-lfi] 2|-^l7|- 7^;^!^ 
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$X^. 412 ^Alo^loj nfll- ^2:°)-2l TilollA^ei S^Ale] 5i)-^^^).2^ ^j^o] 0.160X rms°]Ell HlSj-oc^. ;Hl 



oliH^^-^O] QB^dlolElul- jqol)^ .sfl^oDolE^S. o)^^ >^ o^c].. CEe^_ ;^112 A] of) O)] ^ ^ ^l^iJfflC-ISl ^^Z:* ^ 
^E) nil o) Ell- ^o) 7V^3}-7fl Sl-o^E ^Cf. 



S.21<^ ?^2i S)e> 405nm2l 7|§ aj-^oll cfl^!- ± 10nm2l 4^ ^Sl-, 25^2) 7l§ ^^ci\] cfl*!- ±3o°c 

S] ^S. ^^<^1 n)--^ ^321 i^S]-, 41 ^ c]^H2l 0.1mm2| 7)$ ^Si 7]% n11*V ±o.02mm 

^41- "^El-Hfl ^'^l'^. 

[521] 
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■g-S ^^Aloiife l-al-^e} ^2: ^ #ElDi)oiEls1 q^H^s] ^>^^oil ^A^Hlfe ^^1^-2] ^^f:^ ^^o>^ jisisF 

■¥-^afif ^^^Z<^]^. £E^. ^£ ^^>^)2l ^^2] 4.;8- ^^^^ ±0.05nm/X:s Sl^c]-. a2Hl'^i. ^-f^ 'y= 

^al-Tfl 4^T^:^l-7]- i^H)!^. 0.8551-fe- 7fl^^l- tj-fe- % ^^3.ci^ 7)^ 5J 7ll>«Sf^ 

5. ^i^7} <8:^*> ^ Sic)-. 



521°llAl d5. d7^ ^^Slfe S2221 :(}^ d5, d7^1 'S-'^-^'^. d5 ^ d72l 2:7)^]^ z)-2)- a.OOOmm, 
2.000mmo)i4. 



£76 ^ £77°)] 4112 ^^]<^]S] ^«^7il2l t:H# ^S2] X 2 = 650nm, X 3 = 780nm<^l -^i 2^ %S.Z^ SAlsl-^cf. 
Si^, £78°i) \ 2 = 650nm<Hl cfltV 711-f-^ 0.657W2) tAls)-^!:].. SE?V. £79°11 X 3 = 780nm<Hl n)]eV 

71It^T^ 0.50^'W2l EAlS).^Cf. ;^12 ^Ajoflfi) ^jg- ^tl-;^l2) cfll- ^sfe. %^^2] Hl^^^Vol) Jg.Aj^ 

t'^t^^I-* % t^^Hofl 7)s. ^ 7i)A3^ ctloii ^^*v >^v^ 7fl^>.vflo,iA^ °<JJ;tMl iL^^*U Si 

Cf. 4112 ^Aloj]2) ^j^ ^4^7)l2l Cfll- 411 ^AH)4 cfll- ^2:21- ZL -^H^ t°ll 
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(S22] 

4^ A. 1 = 405nm"a nfl 

^^e1 fl = 2.35mm. 711t^^ NAl = 0.85. l^Bfl-l- ml - 0 
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£23<fl ^112 ^aHs) ^4^14 X 2 = 650nm ^ \ 3 = 780nm<H| vfl^ cHojE-]!. £Als>^ci|.. 
[S231 

4^ X 2 = 650nm<a ^ 

^e] f2 = 2.43mm, -ih^ 7ll?-^ NA2 = 0.65, ^t^^-k m2 = - 0.05 
4^ X 3 = 780nm^ ^ 
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;^Bl fS = 2.45mm. 7"^^^ NA3 = 0.50. ^-^4^ m3 = -0.10 
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a22 ^ S23S1 cil°lE-iol) o^olA^, cfl^ ^z,s\ ^^^9] 522°11'^i^ ^llO^, iE23oi]>^^^ ^ll^)2l 

^ X 21- Tfl^fil 7l§ Sfc^ 4^ A. 221 Sl^^^o] a|t|l7f S]£^ SH£ s| Ji. \ 3# ?il 

=rfi1 7l# SH 32] ^e] 5]^^^o) 2)nfl7l- S^S^ gj-o^E ^c]-. 4;^j- x 12] ^^o] s];^:^-^^. 

4^ X 22] ^2] Sj^^^s). 4^ \ 33] ^4 S1^^^4 s^o) ;a-s]^ 4;g.^ 2)^4,3 ^jj^e] 7]^ 4^c)--^^ 5V<=i£ 
€1^. <Hitit!- ^-f^ ntks] >a?fl ^^^s.^ ^1^4 ^^<g ;8-^]o]] 7}^^ ^^n^ T^^^t ^ Slc^-. 



S.22 51 S232] cflojE^oil ^o]A^, c})# ^2:4 ig4 Sj^^c^ 7]]^^ l*]- Sl^^o) 4^ o]iije}. s)-^ 

2] si^^.a.4 e 5]^:^^^ ^^sifetl 2SV ol'8-2] sv«^4 jisi-4 sti^%o] 4^ <>]n-itv sv^4 si^ijg-:^!:!- 
(^i3^>^loil) 



^113 'M'^Hfe- E4821 ^ ^j-^]o)l ^-g-t =r ^thTilS**), 7)^ °i^7} A^s. 4€ 3f'-^2] ^ 4>.ao]] 

cH*!- ^j:a2] 7]^ ^ 7|-^5>4. ji-as?] ^11 % c]^HS.fe a.J: 7]^ tl* 0.1mm, %^s\ 4;g- 

X 11- 405nni, 71)^^ NA1# 0.85S 4)2 ^ i^i^i3(DVD)S^ S.S. 7]^ -^^^ t2l- 0.6mm, ^€2] 4^ 
X 2» 650nm, 7ll^^ NA2* 0.65S ^JL, 43 ^ ^^3L{CD)S.^ 7]^ f-^ t3# 1.2mm. ^^S] 4^j- 
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£80 ^^1 ^82^] 45 ^J^ ^^TilS) \ 1 = 405nm, X 2 = 650nm, X 3 = 780nm°il 2^ ^SHf- 4^ E 

Al5>^cl.. £83°)1 ;H15 ^>^H121 X 1 = 405 ± 10nm°il ^Ht^t 0.854^121 ?-^=r:^l-£l- i 

AlSl-^cf. SE^, E84o|) X 2 = 650nni<Hl i:fl«!- 7fl^^ 0.657M2] ^^^^VS* EAlg).^!:!.. cEeV. £86oll X 1 = 40 
Snm^l- NAl 0.8521-el a^o^. ^^slfe sel?)! ^f-^ ;^l«-s) x 2 = 650nm2j ^-i- "a^l-Al^ ^Jj^s] 



;Hll3 -^>-l'^l2l ^41-7il'^l'<-ife X 3 = 780nm2l cfli- ^^o)] <yA).Al7!^ aj.^ 7}]:^.^ o.50 olsHl 



;«l|5 ^^loil2l cH# ^2:3] 43 ^ c^^H^fl ^Ji2l 7]^ % nflfi] 711 

7H7-^ o]Aj-o| 4^ ^^^jo] Si^ -i-«ll ^VSt^C].. ttl-el-^i, % 1^^321 ii 7l^^^>oilA^ ^ 

5]-fe =r 4^ -a^-^^ol Sife lE^Sfe £504 tfl* ^^^i ^VAf^o] £52011 

£Al^ «1-S1- 3il-;3- fil^'^^^ Sfe ^E^l- CHI- ^ssl ^S^^>5,><fl ^rcH^ o.^ ^^^^V ^1- # ^ Sl^f. 

^5 ^^Hfil ^^n^ tfl# '312.21 21-^^Sl-fe, 
X 1 = 405nm, NAl 0.85, tl = 0.1mm<a 0.007X Irms 
X 2 = 650nm, NA2 0.65. t2 = 0.6nifn^ 0.002X 2rms 
X 3 = 780nfn, NA3 0.50> t3 = 1.2tnm"a nfl, 0.005X 3rms 



^113^^H121 ^%%^4^ #2l°11°lElfe ^llO^Aloflal :^^%%^^]S] ^SJi^o]^]Siy 0}^7}7]S. % d\^3.^3] 
T-^-Sj-^il ^^^^ -g-^i^^Sl ^^o^ -g^nflS Ol^ol^ 7221 4-8-011 2^^ ;^ll :f-^O.S.^El ^2] S^^^ 

o] 405nmofl'«>1 ^s^^^^S. ^l^Sffe- ofl ^alnfjolElSl ^ S?l>i7l- fJ-^Hfe s-^J-i- 71-;»1d1, 4i %^o_s. 

^21 Sy^o] ^^^^ ;§.f 21 nfll- ^2:21 ?l^lo] ^^S. a.^o'-ttt^. ^113 ^^Hl 21 till- ^2:°V2l 

TIHIA^ o] Ji^Al o^ 4^=^^1-21 t:]^7]^ ^^^o] 0.163X rnis°] 53°il "IsH, ^ll3 -M^Hlal ^5^^121 s^] 
Dllo]E-l2l- till- ^Sfil-Sl t'a^l°)l^i2] Jl^Alsj 3i^r^^^>o^ Ajg.^ Q.OOIX rins<>H. 4^ €^<^1 
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^^flS] iL^K <fll- ^Sv+ ^HlpflolE-l -i-Sl ^Si-Till- ^^^t}^ ^%\, ^]3, iL^Hl 

^^^^ ^^^^Va] i^^sf7l ^tV ^^^^\ a.^^ #elDllolEU£48e1 -Sslnllo] 

a24«>ll iL^H 405nmal 7l§ 2l.;g-ol] tfl^ ± lOnmSl ^^^s\ 25t;2l 7|§ ^^of] cfldV ±30 

t:s1 ^^o|l trf^ ^^^-i- ^Sl-, % q^HS] O.lmmfil 7l§ iJ: 7]^ ^^^ol] cflsV ±o.02m 

^21-1. u^E^-dl 
[S24] 
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B.B40 
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aO»Ar». 1 


10048 





S:24o)1^1 "Httl^V ^-f & •y=S*V7il Ji^slc^, 0.85e|-fe fe* 7fl^^l- ^.S-S. sffe ^ c^iH*^) 

it* ^ ^fl^isvfe- ^-f«^i£ ^'•Efl7V -y^ji^v i^i- -a^ ^ szcf. 

S24oll^i dO. d2fe S25S1 dO. d2oll ^'g-t!-'^. dO % d2S\ 2^7]7\^ 7\2\ 9.847mm, 

15.000mm 014. 

a25<^l ;»1113 ^A1<^121 cfll- ^se^ dlolEil- £Al§>^c|.. 1.2521 53!^ ^oIeH 5a<HAi ;^2^2l ^^^g Tfl^Sl 
71^ 2l-<S-(l-efl°l2:=.^ 4^)^ 4^ A. 14 

[i25] 

4^X 1 = 405nm<a "^l, 

Tie) fl = 2.35mm, T^^'^ NAl = 0.85, ^-^ufl^ ml = 0 
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5.252] ^3 tflo]E-|611 o^olA^. ;Hl2^fi1 s\^^ Til^fe lAf sl^^o] t:f = .^^o)*}. Sf^o^ s]^^^^uf g]^^^ 

S26011 ;H)13 -a^HlS) ^j^ ^nns] \ 2 = eSOnm S X 3 = 780nm°ll c1]o|e11- £a1sV^c]-. 

(526) 

X 2 = 650nm<y 

3:^ TIE] f2 = 2.45mm, 7li^^ NA2 = 0.65, ^^^-^ m2 = - 0.05 

X 3 = TSOnm'y "11. 
2:^ Tie] f3 = 2.47mm, NA3 = 0.50, ^-^-Hll^ m3 = -0.09 
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^2] 7l§ SH X 32) ^2] 5l^4^^ol a]t:H7l- 5^0^^ ^c|. ^ jo] Sj^^^Sf i^^V 

X 22] ^2] 5l^^^2l- \ 3S] ^0] 5)^^^^2] ^^o) ji^P^^Jg s\^^^ 7|l>.2l 7]^ ^^^S. fjcf. 

<H«i^ ^^€r Sf?l-21 ^Til ^ ^^^S\ % ^^ ;5)-^lofl aj^ 7}^^ %n7^M: ^^^1- ^ 9X^. 



SH£ ^luf. 

(;«fll4^Aloil) 



cfl°^ ^^^2] 51 ;,fl^^ol 71-^Sl-cf. 31>ai?l ^Mlcfl % r^^HS^ iJ: ^^^1 tl^- 0.1mm, ^€2] 4^ 
X l* 405nm, ^c^^ 7fl^^ NA1# 0.85S. 5}I1, ;<fl2 ^ c1>,3(DVD)Sfe 7]^ ^71) t2l- 0.6mm, %^S] s^^g- 
X 2# 650nm, ^o''^ 7fl^^ NA2» 0.65S sfJI, 43 ^ ^^3L(CD)S.^ 7]^ t3* 1.2mm, 4^ 
X 3-i- 780nm, -S-t 7fl^'^ NA3# O.SO^S 



E87<H1 ;»1|14 ^AHfi) ^«^7^|S^ \ i = 405nni<fl'^i2l HAlsj-^t:].. sgSofl ;«I|14 ^^lofl2] ^^g- 

^^;^2) tfll- ^2:21 X 1 = 405 ± 10nm<fl 7l)^^ 0.85^'W2l S.Al5}^ii|.. 

;*(|14 'a^H2l #e|Di|olE.-i^ >]12 'a^H]2l ^^:^]2i ^elofloiE-isq- d).^7Ws. ^ cjA-^afi^ Hi^<a>a-oii ^^^^ 

■S-a€^4 ^^2^ -g-cljs ol^o]^ ^S21 4^0)1 o]sl] ^^o.s«-Ei AV^s]^ ^2] ^-^S-o) 405nmollAi 4 

;<fll4 ^Alails] cfll- ^^nvsl TflollA^^ £E. J::gAl2l 4"a^*)-2) ^i^liii ^^^o] 0.201X rms?l 7ici\] w]SH, ;H114 
^^]<^]S] %^n^ ^elDflolE^Sl- cfll- ^2.21-2] l-Aj7t]o))Aio^ j^c :£^A]2l 4^^*1-21 c]^.^^ ^J^-Sr 0.003 



oV^Bl, >I|14 -^AHi4 ^S|-7il^ ;Hli ^ ^^3.^ ^iLs] 7]^ ^ ^flAj^ t}^ ^ °-o)i if q^a4 7]^ ^ 

^^4 ^12: cfli- #elDilolE-] ^21 ^«^7i)» ^AjSl-^ i44 iL^K ^^4 42i SL7^}d\] 4 

« 4^J-4 ^ ^£ ^Sf4 ^£ ^^011 4= cfli- ^2.4 i-elDi)oiEi f-4 ^j:^ ^st-Tilf- ^a^s}^ %n ^44 ^ 
^o'- Sfe ^^ofl 4-E T"'aT^44 'S^* a. 51-7] 4ev ^^^4 ±7.}o] ^e^oiioiE^s. wj-^o.^ 

7F^si-7ii #£l°il4Ell- ^4^^1471 4^ «S^«^4Elsfe- a.4^2'a^4 ^4'<^4e14 4'^2: «?^<H14 
El#4-8-t^ 5a4. 



S.27<^] ^^4 ^la SL7.yd\] 4-& 405nm4 4§ 4^c)-°ll cflt!- ± 10nm4 4^4 25 'C 4 7l$ -g-Soll cfldV ±30 

t;4 4^ #4^^ ^^4 ^^i^ 4l ^ 4^H4 0.1mm4 4S .i^ 4^ ±0.02m 

m4 ^is ^4<^1 4«11 ^1^ ^47llo1lAi ^•■A^4^ ^'3^44 "fisF* #4°fl441- «<}-^* 44 ^444 
14* 44VH ^44. 

[427] 
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t9.S»* 
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t3^» 






fl'S'Apf 
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+ 0.05nm/'C£ sj-^c^-. ^27^1^1, ojiitV ^^S.m] 4^^*V7l- ^^ci-'^m 51*^^ SX^^, 0.85^^•^ ^-8: 7)) 

T^^rl- ^AS. ^ ^^1- 7]^. ^ 7ll>a§l-fe ^-foflE "5% "^^7} 'a=:£tr Sl^l-. 

fi27oll^1 dO, d2fe 3.28S1 7}^ :{}^ dO, d2<^l dO ^ d2S] S7]^<lfe- 2]-2^ 16.185mm, 

13.000mmol4. 

£89°fl ^114 ^^Hlfil ^«h7il2l \ 2 = 650nm<Hl'<iSl ^J-SSf- SAls-l-^cf. SE*>, iEgQoll ;(lll4 ^>^Hl2l 
^nn^ \ 3 = 780nmoll'^i2) HaIsV^cI-. Hth SgH) X 2 = 650nm<^l 7^^^ 0.657^2] . 

SVSl- JEAlsl-^cl-. JEt>, £92^ \ 3 = 780nm<fl 7ll^^ 0.507^ 2) ?-^^*VJEl- £Als>5Ji:f. • 



;«1114 ^Al<^lo] cfll- ^ v]^B. ^l-g-e] cH# ^2:.S.«1, \ 1 = 405nm, NAl 0.85, tl = 0. 

1mm, ^'i.^Hfl^ m = 02] ^^o_s. ^^7.}?} El£S. ^^). ^^olnl-. nl-el-Al^ ;^i4 ^A]d^3\ ^% 

2] cfli- t^s. 4l % ^^3.^] Ulan ^S. 71^ ^^71- ;H12 % t^^B. 3\ ^13 ^ ^^3.<^ ^^S.s] 7]^ $ 7flAj^ 

T^Sjsfe]^ S^o^ »^^±S. ^^^7.}?} o]6{]^ ^2,2] % Z]^3.^S] Hl^-a-a-oll f-4]€^2] ^'if^ 

$\ -SrcHS. olf-<H^ ^al- ^^Sl-Jl, o] ^as) a)-.g.^ 31.0J i^t8:0.s ^^sl-fe. ^^^SVl- 7fl2 

% ^ ;(113 % c]^3.<^] 7^^2] 7]^ 5J ^fl^S* ^«JSl-fe clloil -^o"^ 7ll^=^M]ollAi o^S-tM ;H1 



SEt>, cfll- ^221 7t=f- T^^^ '!d«i^^<^l 1E-I7V ^^^S1<H Sic].. ;H12 % ^l32] ^ i^^Hol] 

asl 71^ ^ ^tflAjj^ H^<^] 7l|?-^ 01^2) 4;8- Ai^^yo) l&l-i- -f «|| *V^ftVcf. n^-e)- 

Ai ^ c]>.32l 7)^^>^voilAi ^gtVfe xji-^ ojicf. ^^^^o\ .g-tfl Ie^s.^ ;tilii ^a1o(i 

X28°ll ;«fll4 ^Ajoiis] cfll- ^^2] ^2 ciloiEii. tAlgj-ojcl-. 5.282] cflolE-|o|l 5acHA^, ;tfl2^2] ?|]^2l 
71^ 4^(1- ell ojas.^ 4^)^ 14 <a^lt>t^. 

[528] 

4^ A. 1 = 405nm°^ 

TIE) fl = 2.65mm, -^^ 7ll^^ NAl = 0.85, ^-S-afli" ml = 0 
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5.29<fl ^14 ^-^MS] \ 2 = 650nm ^ X 3 = 780nin<fl cflt^ cHolE^l- SAlsj-^c^-. 

[S.29] 

4^ A. 2 = 650nm"y nfl, 

>1el f2 = 2.72mm, -^-^ ^Ht^-t NA2 = 0.65, m2 = 0 

3 = TBOnm-a nfl, 
7le1 fS = 2.74mm, 'S-'t ^Ht^'t NA3 = 0.50, ^'S-Hfli- m3 = 0 
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I£^, a292l cflolE^oil Sl'H'^i ;«1|2^2] Til^fe i^y ^^%o] c>]xt]^ ^}^^ s\^^^^ €r fi\^% 

4. 

£E1K -€^Hl2l ^«!-?il«Hl 9Xo]^^. ^a2) ^ cl^H^fil ^(S.2921 42^)S\ HR^^ofl S.30°fl>^1 £ 

2] Tie), " feo)" ^ a ^cflo) f^^fi) ^^o.s^El2l 7)el» v+Efuijo^, o-jl vfloflx^o] .^^^^^ 3G7^o]ty, 
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£3021 S\^i -grcfl 4^V(x b) 730nm. S]-^ l^ll^^i 5]^ jL-i-o] ^s]^o_s. \00%7} S]^^ Sm^S\o] oj, 

4. °1 Sl^ 42 % t^iiiH(DVD)S) A).^ 3l-;g-o] s}-^ 650nma) "a^s^fe- ^-f ^)3 ^ t^;iia(CD)2l 

730nm, Hl-'^i 2)^ ^5^1- ^2|^%vo.s>«i, 

DVD(4^650nm): 95.1% 
CD(4^780nfn): 96.7% 



■& '3>M|'«-1<^>^1 1-3l7\ ^(Sl^^)ol^, 4i;t>s1 5.^, ofls £^ ^2:S; scroll lEj^l- >aAl3} 

<>1 Slfe ^^'Hlfe sl^^i- ^^^m^ Isl^s^ ^^oi-^s^, oill- 1-^ ^4]^ 

^>^oi <^^7^ safei^, o]s^ it^fe ^0)4. 



611, "^l* 1-^ "^A^ ^^.A^^"^^) ^^<»I I-M^ol slfe telsi- 51^=321 ^-f^lfe ^^tb ^>t"21 S)^ j: 

jL-i-ol 7121 100%7l- S)E^ ol ^e]n ^Aj-^ =^ oj^cf. ^v^oflA^ " 2)^ ^2,71- Bl-^j- X B, Sl^i noll^i 

aj^^Sjoi Si^l-" ^. BSl <aAl-s}.?S# nfl<^l S]^ ^V^nSl Sj^^^s] S]^ Ji^o) i^El^^ o.^ 100%7f 5l 

S]^ ^2(1E)S)21 ^Aj.^ >a^Sl-& 531- 7l-El?]c1-. «}^oj -SSf^, Cl-g-Sl. :a-o] ^tgf- ^ ojcf. " S)^ ^^7)- 

<illAi jg-^ Hj-^o^ -a^V^^ Ad(u m). l-4°l^oll <yAf5l^ ^e] 7|.;g. ^ .^/flA^^ 

%%<=>\ ^^^isffe A. 121 ^21 2l-Aj-)oilAlo^ f.B|lo)s2l ^^4^^ NX mlnOlel-Jl Ad, NX mln2^ al^lSj- 
X B(nm), ^V-^^nSfsl >^VoH c1-g-sl S-^fl^V ^^slfe S<^lc)-. 



X B(nni) = Ad X (NX mln - l)/(n x 10 ^ ) 
-^•71 ilollA^ n€- cl-S- ^oil 2l«fl AV^^lcl-. 
n = INT(Y) 

Y = Ad X (NX mln - 1)/(X mln X 10 ^ ) 
"c^, INT(Y)fe- Y« ^-i-^SflAi <g<H^l^ ^=rOl4. 

^tV 21 U-^21 AdS 

£E?b, -g- 1^-flAlollAi " cfll- ^S" 7]^ "ll^l(^ ^1^3)21 7ls.^'S-°il ^j^2l 7l^ ^a. 7l 

^^321 AllA^5}7l ^SV :^«l-7i]6|) i^Slfe 4i;tl-f' ^ ^li 7l^ oll^(:^ Cli3)2)- ifl^tl-fe ^I^H BplS] 

^«o.s^Elfi1 ^ 71^ o|sil(:^ c1>i3)Sl 7l^^-5J-<i|| ^^Al7l7l ^«|- i^A% 7|-e|?li:1-. 
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S£*>, till- !fflS7)- ^^fii ^^^jslfe ^■f<flfe % 7]^ oi|^(^ ci>,H)i4 t^^t}^ ^ 



1- ^2:" Sl-Jl ^^filtVct. 



^S|2) a.;geV ^ig 7l^ ^^1- ^ 7)^ Dfl^lo)) ^/tn^ ^i^.^ ^r^J*]-^ ^^"ll'LV ^ 

«4 ^ 71^. Dfl^ A).ol2) ^^S-f-ol) -a-yslTm ^^ ±7\S.'^]S] 7]^o] ^-g-Sl-^ ^S]- ^7]3] -^f-al Cfl 



€ iffl^ioil 2)Si) ^7] sg^^ f-sfl 7)^ c]i3)2] 7\^r^^6\].^%^t^. asjji, 

7]^ 0.6mm, CD ff^^l ^ ^jS. 71^- d|1^1o)1a^ i^s 7]^ ^^1^ 1.2mm?] d). ^ '^><fl>^i'Hl^i DVD(^ll 

1 ^ ^jM 7]^ nflSfl ^ #0))^^ °^oilS l-^" ClmmS] 7)^ f-^^f- Jtfe 7] 

^ ullSil Ojiqofl 7]^ ^^^171- >\]S., ^ 5g^^ 5)-^) i%V^Cf. 



^fi) 'U^M^<^] olfil<^ ^7]s\ ^A 7l^#?><^ ^^^^ ^^^s. iil-^nl-. 



H^K ■& '^>(fl'^1°flAi " 7]^ Sl-o] o)^, ;g;a.7l- 7l^ ^/SEfe ^-fl^Ssl^ ^ ^^.a. 7l^ oll^l. c|-# 

CD^ ■§-) fl-^O) Cf^ ^ 7|^ on^o] 7)^ ^^6^ ^|.o)o)l ojgjj ^^jj^ 7)^^aJ.o1]a^ ^^o] ^ 



Hth -S- 'l^i^^i'^l'^i " 7)% ^^1- ja^j o]^, oj -i:jp^o| ^ 7IS. u^^d\]A-] % 7)^ °11 

sua) s)8il MJ: 7)^2] ^^7} S<y3W itFel- ^l-ol7l- $l7]^ 'g/SE^ ;«1|2:><>4 ;Hl2:7l7lsl.^l- 

oM S]^ AS. 7139-21 ^Mloll 7^^7.}7]- 5J0II 710]§H T^^=T^^l-7l- ^^m^ 7l^^'^H|A^2l A:,^e] 

^}7} 0.07X rmsCa, X ^ 4^0)4)^1:1. 71^ ^flAj^ 4. 5^^^ :g- 7]^. 
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oil ^&S] 7]^ 5J/iE^ ^m}^ m nfll- IJ-^ 7fl^^g]oilAi 0.07A. rms, »}^^ 

SMlfe 0.05\ rms <=']^7} T^^^^l" ^^^^ ^^jt 91^ 



HtK ^ tgAflA-loilAi " Ajj^^l- >^l^-- o)^^ ojs^o] S.;g€ri. :ff^o| 7)3. oD^)611 ;glio^ 7]^ ^/£Efe 

# 1^<^1 ^«<H1 Si'H'H. •'Il^: -g-t ^^14 ^.^ -^21 €^ #^21 Jfofl 

2^811 t^S]^ al-^S-o] cl.^J)A^ol i4»a ^ 0.0I) ^SoflA^ ^^^jslfe ^^I^Sl-S ^;g^. 7}.£| 

^^ll^^Sfe ± InmS] 4^ cut!- ^^7) ^«}- ±;^l-7l- cfll- A).o)s] ^Sf-ol) uH^lH^;^! ^fe 

o]^^^B^Sl nil. 



lAl > IBI 

^■f oil 4"aT^*>7F 0.07\ ol^K Ac:!- Hl-^a)§l-7llfe- 0.05\ oisl-21 Aj-gfl^ ^ Sife ^J-eltli^l-. 

SEth ■& '3><fl^ioll'^i2l " #elH" olsfS). ^o] % 7)^ oII^(i = 1 sfe- 2 iEfe- 3)oil ^J5i2l 7l 

^ ^/ffife ^fl^a* ^sjt «fl2l 4;a-^ X 1. tfll- ^^21 7ll^^l- NAi4:J1 tL^cf. ^Ij % A 71^. DflSflo = 2 SE 

3)<=11 7]^ ^/5£^ All^^^ Ifloll Cf^Sl 27H '=>]^ sm-C^-Cf Hl-^^5l-7llfe ^) 71" ?V^€ 

NA14 \ IS. ^^sl^ 2:Bl7li £^1- -f 3l-5h^ 4^c^ Xj2l NAjA^ s]^^ ^--A^}^ ^^2] 
7l^^Aj.6|lA^S^ -j^^i^ys] a^c|)Sl7V lOp m:a.cl- HJl, SE*!- NAj°flAial "f-^^T^}?} 5u nijaq- ^^olcf. 

;^12 2:?l-8: NA14 X IS ^^js]^ 2el7ll a^l- -f 4*m 4^^ x ;^j£L 7]^^^M^^s] 4ia=^^V7l- 0.07 

X l£L4 3.11. NAJ oNHjAi 7l^^^V6ilxi4 4^^xV7l- 0.07X JiL4 ^^<^14. 

^7l m ^/SEfe- ^2 2:?i°llAi NAj<^'^i ^^5)01 SU-HS 4al, NAj«^-^1 l-^^oj-H^ Je14:. 



■& 'l^^fl^lofl^i ti4 7)^ ^ 7|)A^ol^_ Al-714 ^-S- ^ ^^a. 7]^ nl|^4 7lS.^Aj.611 7]^t}^ ^, 

^A 7m^>i^oll 7]^?i 7l]Ajjtl-fe .t?}-4. ^^"^4 ^«l-^lfe ^^-J}- AflAjjnV^ ^«J5>71 4sf 

«l-8-4fe ^^ol-Hs 42, 71S. ^ ^))^|o^ oj:^.^ =^^sj5|-7l 4*M °l-g-4fe 53oH£ ^4. sev, o]2i4 ^ ^jii 4 
^ i^oll T^*J*l-32, 4# ^ ^A 4^ "Wofl ^-^-i: =r*Js}4 45|-o^ 01^4^ ^oH£ 4'^, 1144 ^ ^ 
a. 4^ °ll^°il 4^ S&fe AflAj-i- T*j5l-ii, 4^ ^ .4^ Dfl^ofl 7]^ ^ ^flA^^ ^*JS|-4 4-8-4fe ^4 
<>ls €4. 5E?v, 44^1 tsffe ;']1^S4?*, ^^a.* #^si-fe ^i- i^i-si-fe 5J44. 



'gAjiA^oiiAi 4* ^^1 M14 Ail3 liJ: 4* t^I 5.^7)- f-<a6> ^-f , ^ ^ ^^jsi 4^ °l|^l 

M14 ^3 ^ ^Ji 4^ "B^ £T-7h -g-^t* f-?^4 Ji:^ 4^-i- 7l-4ii SUfe ^-f <^fe- «-'34 4^7> §14 -H- 1'14 
4#^ ^4<flfe #s>4 t!-4. 

^1^4 5:4 

-g- ^^^4 ^4011 4^'^. -Ff^(4^ 4£)°1 4# -^l* oL-as DVD, DVD, CD4 ^-S- 3f'^4 ^ 4iii 

34 ^1-3: ^S-* ^-f 4 €^1- 4-8-44 t Slfe ^ ^ "3 a]]-^^ ^ 0^4. cd4 Ji^ 
4^ T-1I7V ^4-& ^ 4iiiH<fl "^ISM 4-S- 4471- ^ji?! ^ Afl-?^ ^ 5^4. 
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SE*!-, °iZ.)o] cf* ojll- l-'g IL^iS. DVD. DVD, CD^ 3^^2] t c^^HS] -^-Jl J:^# S)^ ^t)- 



atK -^11- IT'S H'as DVD, DVD, CD^ '^^ 3#^2l ^ tj^iasl ^1-^ -^-f 2) nfl 

^^^^^ ^t^oll 7lo]5f^ A^^^l- ^£ 1^2). ^o] SV;^ ^^o]] Itj-ef ^SoflA^ m-^jsl 



S:^, ^-S^ ^i-a ol-g-t Sife cHl- 7)^ ^^^1 %}o] Ajj^^l- 7]^ - ^1 ^s). 

M^j ^"c^:, 7ll^- ;«lleV*[«- 5J ±^\* ^ 

^^■i: ^«J^ 4= safe 7l^. ;<11>S ^^11- ;fl-?t ^ SUc]-. 
(57) ^^21 "d^ . 



1)21 >lll ^^-^.S-^E^al ol-8-«^o^ 4l 7]# ^^(tl)* ^ll ma 7]^ Dfl^oil 

21 7l^# sjsfji, 2)(\ 1 < \ 2)2] 42 ^^J$.S?-t-l aj oj-g-sH ^12 7)^ 

t2 > tl)* ;H|2 ^^Ji 71^ ull^oil cH?t ;gfi2l ^H^a 7l^-g- sj^sU, 4^J-(x 3)(X 2 < X 3)2] ;^13 ^ 

^^■¥■£121 .^^^ oj-g-sH ^3 JiJ: 71^ ^?^(t3 > t2)l- ^3 ^j-^-S. 71^. nfl^o]] cfl eV ;^jio] 

7)^^ ^ij-^l-g- a.^^ cfl^ ^2:0] cl. 



4]^^ -a ^^2) ^ ol^-H^lfe ^21- ^fe- ^--^^^ till- iaaojoj^ 

-^•71 Sl^ ^20(1 -S-71 ^^o.S-¥-El2l 4;a-(x 1)21 ^^o) <gA].^> ;§jfoi| l->«S^fe ^71 J^-^si Sl^jg- 
f'. ^<^121 2|^^^* ^fe s\^%^ SV^l- nl, 

^71 Sl^ ^^ol) >8-7l ;«1|2 ^^o.S.^El2| 2)2] ;^12 ^^o] <yA>*> ;g^o)] ^v^jgy^ .^7] ;^i2 ^^2] 

^<fl2l Sl^^%=-i- S\^^s\ SV^l- n2, 

>a-7j 2)^^2oi] A^7i ;^]3 ^^o.s^.E-12] 2]-:g-(A. 3)2] ;*1l3 ^^o] "^Al^t ;§^oil t^asVfe ^7] ;til3 ^#2] Sl^^ 

^1-71 4^(\ 1)2] ^^ol] 2]Sfl >^7] ;i]ll ^^j^ 7]^ d|)^]o|1 ^fl^j S/Sfe 7]^-^ Sjsj-fe C]] ^f^e}- ^V7l tfl# 
^2:2] 4,^2] 7fl^^» NAl, 

-^^7] 2)2] ^^ofl 2^81) ^>7] ;^)2 7]^ ol]^6|l ^fl^^ ^/^fe 7]^^- Sjsj-fe- cfl '^■71 cfl^ 

^^2] i;go^ AJ-^ 7ll^^l- NA2, 

'ih7l 4^(X 3)2] ^g-^oil 2] 811 'i!-7l ;»113 ^^iL 7]^ nH^ofl ;,11A3 ^/eE^ 7]^^ »j5|-fe- iN] -8-7] tfll- 
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I nl I > I n2 I 
I nl I > I n3 I 



71 ^SB. ^1-71 7fl^^(NA2) sf^a* ^^^sl-S.^ >y-7l ;H12 7]^ ofl^sj ;gji 7)^^ ^^cn] ^J^^ 

^ ^Ja, '^o'-^l ;«I13 nS^V Sl^:^# A^7) 43 ^;g£L 7]^ dJ^oii tfl^ :^^s] 7]^^ SJ3I.7] 

^oi-7l 7l]^^(NA3) ^'y5^£^ -SJ-?] ;»1I3 ^^£L 7)^ ofl^s] ;§a. 7)^^ ^^t 



4^J-(X 1)21 ;Hll ^^o.s-?-E^2l ol^5^o^ ;Hll ^S. 71^ ^^l(tl)* ^11 ^^^i 71S. uflsJlofl tfls} 

s] 711^ ^/iE^ 7)^^ Sj3j-Jl, 2)(X 1 < \ 2)2) ^12 ^^o.s.^E-is) <^l-g-5H ilJl 7l^ 

t2 tl)# 5J-fe- 42 7]^ ^m<^ ^^S] T^A^ 71^^ igSU, 4^J-(X 3) (A. 2 < X 3)21 ;«1|3 ^ 

^^S.-¥-Eisl ;tfl3 AS. 7]^ ^7l)(t3 > t2)» ^fe- ;«il3 ^9-^J5i 7)^ ofl^ofl ;^:a2l ^fl^S 

7l^# sjsr^fe ^^<a cflS- ^2:0)01, 



^^7) s.^^ rfll- igSfe- ^Sfif '^■71 ^2:3] ^AVc^^oi] Hfl^l^ S]^ i:;^!-^ ^A^^ a.^^ 

^o^7l 3}-^(X 1)21 ^^011 SiSil ^V7) ^;§iL 71^ oflSHol] 711^ ^/Hfe 71^^ «JSl-fe Cfl ^Atb -S"?) ^f-«§ cfll- 
S!12:21 41^21 7fl^^l- NAl. 

^'■71 4^^(X 2)21 ^^«>11 2131) ^V7l ;^12 ^;§iL 7l^ ofl^ofl 7|l>g 7]^-i- <ggFfe- ell lAtv 'S-7] cfll- 

^12:21 41^21 -S-^ 7fl^=^^l- NA2, 

^J-71 4^J-(X 3)21 ^^ofl 2lSfl ^V7l 43 7]^ Dll^oll TflA^ ^/SEfe- 71^.^ ^S^fe t^l ^^Sj- ^7] cfll- . 

^2:21 ±^s\ Aj.^ 7ll^=^-l- NASolal- 1 

^71 5]^ ±z}s\ ^c,]s. 171121 ^«|-^^ >S-7l ;»ill 1^7] 43 7]^ v^^^ JEL^ofl x^^ Tfl^ 5J/5E^ 7)^ 

* «J5>71 ^«ll ol-8-Slfe- ^7] 7ll^t(NA3) ^011 -^-f "^^4, Aj7l "g^JiC^-S ^1^^011 ^^m^ ^ 

0]S. ^7]4l ^^M. 7]^ oj^oll cflSll ^ll^a S/Sfe 7l^# 9j5l-7l ?1«11 oj-g-Slfe <§^2l ^0]SL 27^3] <g« O. 

S ol^<H^lal, 

^71 -^-f <g'^°]lfe -S-^^l^?] ^^21 ^ olf-ol;^1fe Sll ^^7]- ^>aslll, 

-^■71 -^-f "S^-^l Sj^ ^Soll ^^O.S.-¥-Elfi1 1)21 >ill %^o] ojA).^ ;g^oll ^AjsV^ ^7) 4l 

21 21^^ f-. ^cll2l Sl^^^^ ^^^21 Sf^l- nl, 
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^1-71 ^f- ^"^ofl ^^^^ ^o^7l 7)13 o.s.-^Eio] 3il-;^V(x 3)2) ;H13 ^^o] ojA}€}. ;g 0.0,1 ^>ll(3l.^ ^7] 

I nl I > I n2 I 

I nl I > I n3 I 

Cfl^ ^Ji2l 711^3 ^/SEfe 7l^# SjSl-71 $1*11 >y-7l m ^^Ji 71^ ufl^fi^ 71^^^ -J^ol] ^^Sl-Jl, ^^71 ^-f 

^oll^i t^Js}^- -^-7] ;^12 ^#2] n2^1- Sll^€- -^7) ;«))2 ^^jil 7)^ nfl^ljoil cllev ;gM.2l ;(ll>g ^/£E^ 7l^# sjg). 
71 $1311 ^o^7l ;«112 7]^ nflSflSl 7^^ ^6\] :^^%t}lL, ^^7] -^-f ^g^oflA^ t^^Sffe ^j-7l ;*ll3 ^^2l n3*V 

-^-71 ;H13 ^^j^. 7l^- nflSfloll cfleV ^ja.ol ;<flAj ^/5c^ ^js.^ o^gfl >a-7l ;Hl3 ^^^^ 71S. oUSflo) 

il 71^^ ^o|] ^^-5.^ 3^fe till- ^2:. 

^T^*J- 3. 

;Hll^ £Efe ;*il2t'>ll Sl<H'<>1. 4^7) 2)^ *l-^(nl Ml;^l n3)fe ^^^-M^lfe 5l# ^^^S s^fe- Oil- ^ 

I n2 I = INT(\ 1 • I nl I /X 2) 
I n3 I = INT(X 1 • I nl I /A. 3) 
I nl I > I n2 I > I n3 I 

^, nl-8: 0. ± 1 012121 ^^^ol ji, INT(\ 1 • | nl | /\ 2)^ X 1 • | nl I /\ 21- ^-g-^SH "^T^] ^fe ^'r<>lJ2, IN 
T(X 1 • I nl I /X 3)fe \ 1 • I nl I /X 3^- «}:-ir^SH "^711 Slfe ^^<^]^. 

^I3*°ll Sl^l^i, <il# t>^^l?lfe ^^.^s. sV^ nfl# ^a. 

I INT(X 1 • I nl I /X 2) - (XI- I nl I /X 2) I < 0.4 
INT(X 1 ■ I nl I /X 3) - (X 1 • | nl | /X 3) | < 0.4 
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£fe M]2^M 9X<=>\^^. ^^71 m ^^ofl -y^sffe ^^^(^x 1)21 -yAl. :g-^o] I 1^ (X 1). ^^7] IiN (X 

1)21 ^fe AJ.7] 1)2) oJa). ^^o] ^7] S\^i -fS^eV ^2] #A> :^^2l J (X 1). ^Vy) 

S)^ ^20(1 <aA>tl.fe. Bl-;a-(\ 2)2] ^M} I,N (X 2), I,^ (\ 2)21 ^>7l ^^^-(X 2) 

21 OJA} :^^ol ^V7] ^2l.SrV ^2l ^/f ^^21 j^^^ j^^^ 2), Si^i ^^oll -yAfsf^ ^^j- 

(X 3)21 *^2) (X 3), Aj.7] iji^ (J, 3)2] 2l.;.J.(X 3)21 <a/f ^f-^o] Aj.7) ZjL^ 

* -f^l-tV ^21 #4 :g-^2l lo^T- (X 3)ol5l- nil, Cl--S- t>^Al7lfe ^^-^.S cfl* 

louT (X 1)/I,N (X 1) > 0.7 
louT (X 2)/IiN (X 2) > 0.7 
louT 3)/IiN (X 3) > 0.7 

^11* Hfe ^2^<Hj no]^, 4^(X B). -^0^7] S1^ Sl-^(nl)S. il^3^S]c>1 o^fe- ^aIo^^ c1..§- ii^ 

"J^Alflfe ^'S^S. Sl-fe- cll-1- 

380 nm < X 1 < 420 ran 

630 ran < X 2 < 670 nm 

760 ran < X 3 < 800 ran 

340 ran < X B < 440 nm 

I nl I =2 

I n2 I =1 

I n3 I = 1 
7. 

350 ran < X B < 420 ran 

^I6^°t] Si-H-^i ^f-^ Aj.7) Diicf 5 nm ^ 4^J-2l ^o] nflofl, >i^).7]. 

4°<j -^^Sffe ^Sf2l Sl-^a- 2l#>a^ Jffe.^i- ^^^S. ^1-^ Cfl# iffl^:. 

^18*<H1 9X^^, ^7] cfll- -^^71 ^^(K Diic} 5 nm i4-^2) ^o] o^^y^^ ^6\]^ ^wj- i?!^:.?)- # 

'S-^O.S ^^^}S] 4^ 2l$>y.i- 5-J7_ Aj-7] 4;.J.(^ i)^t:^ 5 ^ ^^J-o] ^o] -yAfj^^ 1^21 

a?1^2l A CA. a1-^(X DiLcf 5 nm ^ 2^^^2l ^o] ojAff ^ afl2l ^7] 7]1^^(NAl)oll tfl^s]- 
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- 1 < A CA/A SA < 0 
10. 

46^<^\ ^^H, B), ^7) *|-^(nl)^ S\^i ^2Sl ^71 ^2) 2\ 

* b = I nl I ■ (bz • 1^ + b4 • h" + be • ff + ) 

oil o]sn ;.je]£]fe ^^s. M-Efvljfe ^^<^l['>^7lAi, ^^o.s-f-Eifi) ^oKinni). 5 be, ^ 44 2^K 

4*K 6^y fil ^ssf ^^I'rCSl^^ ^l=T^el-ii£ 13-) -y], 

PD = S(-2- Inl I -bz) 

oil ^^SlHlfe n^i. ^2:'?V2l 3l-^l(lBll-> )7> Cf-g- i]^ oV^a]?]^ ^^^O-S S]-^ t|)# ^S. 

0.5 X 10"2 < PD < 5.0 X 10 -2 

380 ran < \ 1 < 420 nm 
630 ran < \ 2 < 670 ran 
760 ran < X 3 < 800 nm 
400 ran < \ B < 430 ran 

I nl I =6 

I n2 I = 4 

I n3 I = 3 
^T^^ 12. 

405 ran < \ B < 425 ran 
13. 

14. 
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^'S-StH^sI ^5^%=^ A CA. ^^7] 5 nm ^ ^^^^ ^<^l ^cJ-^l 7ll^=^(NAl)°11 cfl-g-Sl- 

- 1 < A CA/A SA < d . 

>^mHl B), -^-71 Sl^ ^l-^(nl)5. a)^S>^J -^^7] ^^2^ ^^s) ^aj z| 
$b = I nl I • (bz • + b4 • + be • + "• ) 

oil ^Sli^fe^SSl-^^S '4El.lflfe;i4-6|l[<^7lAi,hfe ^^^S-^E-lS] ^0l(m,).b2,b4,b6. ^ 2)-Z]- 

4^K 6SV 21 7il^2l-J7£ ^)oJj 

PD = S(-2- Inl I -bz) 

on ^gfilslfe- ^2i°As] 2l-^(mn-/ )7l- ^^o.^ 5^fe cHl- ^S. 

-5.0 X 10-2 < PD < 2.0 X 10 -2 
16. 

;Hll^ iEfe- ^12^H1 ^o]^], 5]^^ ^di^ 4^(X B), ^7] *>^(nl)S. ^^^Sl<H Sife- cf-g- 

380 nm < X 1 < 420 nm 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 nm . 

390 nm < X B < 420 nm 

I nl I = 8 

I n2 I =5 

I n3 I = 4 
17. 

^)l6^o)l Sloj^i, •^■S- ^# ^^-^S. Sl-fe nfll- ^a. 

395 nm < X B < 415 nm 
18. 

^ll^i- £^ ;^12^H1 Si<H^i. -^-71 ^a:Sl pi(miii ), >S-7l ^i^J-s] sj-fls- P2(iiim " 

nil, 
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I P1/P2 I <. 0.2 
^t"^ 19. 

iEfe- ;H12^<H1 ^i-7l 4;;iH- f-sf^H -y-?] "a^^l-sFfe- ^#2] eVTfl ^Aio| 

iEfe ^l2*o)l Siol-^i, 27flfij >S-o)l >a-7] ss\^i ^3^7} ^-^^ ^^.^S sj-fe- tfll- ^a. 

^^«J-23. 

^T^^24. 

iEfe m^<^ si<H^i, -s-^i ^aa^fe- ^^^^^^ ^^.s. 53* ^^^^ chi- ^s. 

;»125^&<^ Si'^'^i, -8-71 -frel Tflafe- ^ol^(Tg)ol 400 t: ^^As ai-^ ^^t§ c|i# ^s. 

^T^l)- 27. 

£^ ;H12%H1 ^olAi, -ff-^Hl*!-^ ^s]7)\7} ^^7] Sl^i %n ^7] ^a^ofl ^^^Isl-fe ^^^'3 

4, ^^7) 5-^^ ^321 >^J-7l S\^i ^^ ±7.}^<i\] ^n^^ A^ojoll api^ 51-^ tfll- ^2:. 

^t'%28. 

^11% Sfe ^12^011 Si<H^i ^^7l ;i;§s1 ull^ m, -^-71 4^(X 1), ^^71 7]^ ^^(tl), 

^71 'S-'^ 7ll^^(NAl)Sl 2:^^ 3 4« <^S1-S1 rms^l7l- 0.07 \ 1 rtns o]t}7} ^jt). :a.;g5|o1 5J 
# sl-fe- cm- ^2:. 

^^U-29. 
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41*} SE^ >\]2*M Sl'H^i 1^7) ±7.}^ ^7] <y5i|7)- sicH s^m ^^^s 

^129%H1 Sl^Ai, A^V7i 4i;^l-2l- ^V7l ^^4^ z^zt ^ms. ^^^^ ?>J1. ^ch^l > 

Cfll- €2:. 

^I3l3j-0ll Xi<H'^i -^-71 ^2:2l-.''^7l ^^tl- 4i;^Vl- '^•71 -^-^^ Cfll- ^2: Al>,E^o^ AJ.7I 

2f^3-(\ 1)21 $ >ij-7l >03 ^^il 7]^ d1|^o|1 tfla^ ;gi2] 7ll>S ^/SEfe 71^-i- s^Sfe ^-fs] 

7) cfl# ^^2) 71 El* fB3(iiim) nfl, c^-g- ^^^^f]^ ^i-l" ^^'^S SFfe tll# igl^^. 

0.7 < d/fl < 1.5 

2.8 < $ 1 < 5.8 

fB3 > 0.2 

^11%'- ^12^H1 Si'^'^i ^1-71 ;H13 7]s. nll^oi] cflev ;gito| tf/^c^ 7)^^ sj^].^ ^0.0^ 

mS < 0 

^33*011 cf-S- "Jr^^lS'lfe 5}* -^^-5.5. rfl# ^2.. 

0.25 < m3 < -0.05 

^T^«J-35. 



xfl33%Hl Siol^i, ^J-71 ^f-^ cfl# ^2:61] 2]«ll >S-7l ;»113 ^^Ji 7]^ 0)1^21 7l^^ ^J-'*!! AV°11 a)) 

'^■71 ;«fl3 ^^.^^■^£•121 ^^21 4^ ^^Vl- >a-7l -y-^ 7ll^^(NA3) ifloflAi "flSl SD). ^j^o) 

rms^lsq-, ^71 till- ^aol] fi1«i) -i^7l >il3 ^^iL 7)^ ofl^sj 7]^^ -^of) %^±S.^B] ZL ^3) 

0.2 miD l-^^ ^^loll BH^l^ Aj-71 43 %^^S.^^S] ^^9] ^^Vl- ^7] 7fl^^(NA3) ^<^M 
nflS) 30)- ^j^ol rn,s^)2l.2) *f7> 0.07 \ 3 rins.a.i:f ^^.^S. sj-fe cJll- iffla. 



36. 
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m3^M SX^^], ^^71 ^^^a. 71^ i^ofl cH^V ;gao| ^/jc^ sj^l^ ;g 0.0^ AJ.7] till- ^ 

2:3) ^^)- uBi:^ m2S. ^-f -ill, cf^ t^^^l^lfe 53^ ^^±S. t}^ tfll- 
m2 < 0 

-0.20 < m2 < -0.02 
'ilT^^J- 38. 



0.2 nun ^^l^ ^^]^] ufl^l^j >^>7l ;Hl2 o.^-^E'I fi) ^^3] a)-^ ^^fl- ^-71 7fl^=^(NA2) ifl<fl'<'i 
nfle) ^7.y >y^o) rms^lfifsl S^7^ 0.07 \ 2 rmsiLc]- a)-^ rjj^ ^^'AS S^fe cfll- ifflS. 



^l^ JEfe ;<1l2^<=fl Sl^l^i, -3-7] 7ll^^(NAl ^ NA2)fe. 
NA1> NA2 



1- ^>-^^l7l^ ^-71 Oil- ^se) Aj-71 -y-^ 7ll^^(NA2) nll-g-tl-fe <^«^ -f 2).eV ^^.7] ^^^.(x 2) 

2] ^^7] 7ll^^(NA2) MloH^I ^^7] p^]Z 7]^ ollsfla] 7)^^ ^ol) Si<H'<>i, 4^ rms^l 

71-0.07 \ 2 rmsilcf ^^olH, 5Et> tfl-i- ^as; ^7] >S-^ 7l|^4^(NA2 NAl)ofl cfl-g-Sl-fe 

(\ 2)2) 'S-71 7ll^^(NAl) vflollAi 41-71 ;^12 ^^ja. 7]^. ufl^e^ 7)^^ SX^^, 4^ ^S^S] 

rms^bl- 0.07 X 2 rmslicl- €r ^Eflo) s.;^ o.^ g].^ cHl- fflZ:. 



^^%40. 

^139%H1 ^ol^i. '^o'-7] 2)2) >8-7] 7l)^=^^(NA2) MloD^i 4V7] 7]^ ofl^o^ 7)^^ 

Si'H'^l, =r^V2) rms^7} 0.05 \ 2 rmslii^ '^o'-EfloU, -^•7) >5J-^ 7ll^=f(NAl) M)ol)x^ 4V7I ;,))2 

^^21 7)^ ofl^s) ;gji 7]^^ -S-oi) 34^ *5^^}.fil rms:S)7l- 0.20 \ 2 rmsJi'^ €■ ^'-Efl?! ^^J5.S 5}^ 

^39%H) 5i<=H^i, ^'■7) ^1-^ nfl^ ^^o^ AV7I 7ll^T(NA2) ^'^] ^^n^ -faft^ ^^7) 2) ^ 

^2] ^7] ^^SL 7)S. uD^]o) 7]^r^ ^M^]2] ^^j-fij-, AJ.7] a.^^ cHl- ^2:2) 4I-7) 7ll^^(NA 

2 ^^1 NAl)olI cB-i-sl-^ "S^-i- -f 3)-^ ^8-71 2) ^#2) >ij-7) ;<fl2 ^^.M. 7]^ oflAfls] 7)scj ^Hl^is) 

^^1^ -i^?] 7l]^^(NA2)<=1| SX<^^] ■i-'S^?] ^# ^^AS SVfe- ifll- ^2:. 
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-§-5fe 'S^ofl ^-y^ ^^oll Al 2)21 7112 ^^o) <yA>ev ;g^ofl ^.^sVfe -y-?] 

2 ^^2] 5)^4^ a|c})Sl Sl^i^^l- 5]^^2] Sl^i ^V^Sf, -^Vy) Aj-^ 7fl^^(NA2 NA1)<^I «fl-§-5fe <3 



7fl^^(NA2) A<^\ cfl-g-Sffe <g«o)) ^Aj^ 5l^^ ^^2^ ^V7] 7ll^4^(NA2 vflJi] NAl)o)l cfl-l-sl-fe <g 
2)^4 ^Sfe >^is 4^2l- ^\S. nf^ SV^S. *|^^S]'>1 Sife Sl-fe- till- x^S. 

>«il39^°ll $a<H^1, ^27)- ^^j^ >g-7l Sl^^ 4:42) Sl-H-^i, ^cJ-^l 7ll^=^-(NA2 NT 

1)<^1 tfl-g-si-^ 'S^'Hl ^^^^e1 2)^4 ^2:^ 1), di^^2l Sl^i SV^S. 2l2!^S]o1 oj^ 5}fe fi.^ 

44. 
NAl > NA2 

1- "L>^^l?lfe- ^^loll, -^-71 tfll- ^^2] >y-7l -^J-^ 7ll^^(NA2 ^^1 NAl)°il c)]-§-5f^ <g^oll -aAfsl-fe ;^V7) 

2)2] ^^1- AV^sM, 4^7) tfll- ^^a] AV^i .^v^ 7fl^=^(NA2 '41^1 NA1)<^1 tfl-f-stfe "y^^j-s)- 

^ 2)-^(X 2)21 ^^ol -8-71 ;t1|2 71^ ofl^fil 71^^ ^Tf^A £^s1-^l Sl-fe ?Jol 7]-^^ 711^ 

^^1h45. 

^144%<^1 Sl^^i, Aj-7) ^i^> Aj-7] a.^^ cl1# ^^21 A^V7] AV^ 7fl^^(NA2 NAl) oil nfl-g-Sl-^ <g 

^°ii <gA>s>^ 4;5j-(x 1)21 ^^hi, ^j-7i cn* ^^^^ ^^7\ 71i^^(na2 ^^i nai)°ii 

<9^<fl <a>^]-Sl-fe 4^(\ 2)21 %\^^^ 4^ ^a^l^^* ?J-^ Sj-fe till- ifflS. 

^T^^46. 

^44^<^1 Sl'H'^i ^o^7l 7l|^ ^r'S^ 'S-71 cHS <312:21 ^«^^ >«j-<J11 ^AJ^ 4;5)- ^eI?] ^.g. s.;j) o. 
^T^^47. 

^139%M1 Sa<H^i, -^-71 ^2:21 7ll^^(NAl, NA2, NA3)fe, 
NAl > NA2 > NA3 



# °>#^l7lfe %m, ^^21 AJ.7) .^1.^ 7ll^^(NA3) nfl-l-*).^ <g^^ >^7l 4'J-(x 3) 

21 -^71 7)1^^(NA3) *fl<HlAi >S-7l ;»il3 ^^Ji 7^ °l|^2l 7\^^ ^<i|| saolA^, 4^ ^*1-21 rms^l 
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(\ 3)2] >^^7] 7l]^^(NAl) ^<^W ^7] 43 7]^ ofl^s] ^M. 7]^^ >^oH] 4^ "rT^ys] 



^147^H1 Xl^l^i. -a-^l 4^J-(\ 3)2] -a-^ 7ll^^(NA3) Mlofj^i ^^-7) ;^)3 :f ;giiL 7]^. ofl^ie] 7]^^ 

^H] Si'H'^i =r^l-<?] rms^l7f0.05 X 3 rmsiicf a)-^ ^i-E))olJi_ ^V7i 7ll^^(NAl) i4)o||Ai -y-?) ;tll3 
7]^ nfl^s) 7)^,3 >jj.o|| 5;io^Ai 2].^ ^s).sl rms^l^h 0.20 \ 3 rms:aq- ^ ^^t^o] o.£ SFfe 

^]47%H] Si^^i, ^0^7] a.^^ cfll- ^2:2) >S-7] 7D^^(NA3) Mlo)) c)]^5>fe <g'^-i. f-sfev ^)-7l 2|.^(X 3) -S" 

^2] ^ch7] ;(1]3 ^^^^ 7]^ i^o) 7)S^ ^J-oflA^S^ ^^ys;^.^ AI.7I cfll- ^2:2] ^^7] 7ll^^(NA 

3 m^] NAl)oll cfl-i-SV^ <g«^ -fal-ev ^^-7] 3) ^^21 AJ.7J >j|3 s^:^^ 7]^. d||s1|2] ;§jiL 7]s.^ ^<^^]^ 

^^Vfe ih7] 7l|^^(NA3)°il 9X^^^ ^^'^S. t}^ cH# ^a. 



^47^o|l 9X^■^^. ^o^7l ^^7)- ^^^^ AV7) 5|;g 4-^1.0^ ^«l-^ol| oJo^a^^ Aj-7] aJ-^ 7l^^=^^(NA3) M]ol] tfl 

-§-5fe <S^°)1 ^^i]^! 51^4 ^^0)1 -^.7) ;H13 ^^lo.s-?-E-i2] 3)2] ;Hl3^#<^] -y^Vt-V ^-fol] ^^St}^ "^7] 4 

3 ^^2] ^^4% f-, alcl)2] Sl^i^^-i- s\^i ^}^s^^ Aj7l Aj-^ 7]1^^(NA3 NAl)^ °§ 



^7] >S-^ 7fl^^(NA3) tfl-g-SFfe <g^«fl Sl^ ^3t2]-, ^7] -S-^ 7l|^^(NA3 vfl^l NA1)<^1 cfl-g-a^^ 

51. 

^]47^°il Sl'H^i ^'•7] ^3i7V ^^^^ ^^7] %^ ±7.}9\ %n^d\] oj.o^A]^ A>7| A^v^ 7ll^==^(NA2 M]:^] NA 
<g«6|] 4^(\ 1). 4i;g2| S\^i 7i}^S. ^^^^o] ^^^S. 5>fe- 

^T^^ 52. 

^391!-«H1 5a'H>^i -^7] till- ^afe, 
NAl > NA2 > NA3 

■i- ^>^^i7ife f-AicH), AV71 ^fli- ^zs] >a-7i 7ii^^(NA3 ifl^i NAi)°ii ^^n^ °i<^^ ^j^^i-fe -^o^^i 

4^(X 3)2] SV'c^Sl•<:>] ^1-71 cfll- ^^2] AJ.7I Aj.^ 7ll^t-(NA3 ^^1 NAl)ol] ^^^^ '^^o\] 

fe- ^7] 4^(X 3)2] %^o] Aj.7) ;^13 7]^ nl|Sfl2] 7]^^ ^o^-^W ^tS}^] t^fe- 5I o] 7V^t> 7||^ 
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^52«j-°il Xi<H^i, "-^y] A"?- 4^ T^'S-a- -^-71 cfll- ^2:2] A^7l -^o^^ 7ll^^(NA3 ifl^l NA1)°)1 clj-§-5l-^ <^ 

(NA3 ^fl^l NAl)°il r^^t}^ <^^oll ^A>8l.fe 3)2] ^m*>fe- -id*!^^-!- ^fe- ^^AS *m 

till- ^S. ■ 

380 nm < \ 1 < 420 nm 
630 nm < \ 2 < 670 nm 
760 nm < \ 3 < 800 nm 
0.0 ^ tl < 0.3 
0.5 ^ t2 < 0.7 
1.0 < t3 < 1.3 
0.99 > NAl ^ 0.70 
0.70 > NA2 ^ 0.55 
0.55 > NA3 ^ 0.40 

^U^ SEfe ^]2%H1 7l;.ll^ 7l-^«!- 5J* sj-fe ±y^}. 

4^(\ 1)2) ^^AS.^E121 0]^^C^ li^ 7]^ ^^(tl)* 3}:^ 41 7]^ tfl^ 

2] ^1)^5 ^/SEfe 7)^^ sJsl-Jl, 2)(X 1 < \ 2)2) ;<fl2 ^^^.^.H-Elfil ol-8-*l-o1 42 JS.^ 7]:!^ 

t2 ^ tl)* 42 7l^ aflAfloll cflev ;g^o] ^flAjj y^^^ sjj5>j2, 3) (A. 2 < A. 3)2] 43 ^ 

^O-S-^E^fi] ol-8-«l-'^ 43 7]^ ^?D(t3 t2)l- 5^"^ ^l3 ^^Ji 7]^. a^^c^] ;g:a2] tB^^ 

7]^.^ ^^<a ^Slojn], PEfe ;,ll2^o|] 7l;il|^ tfl# ^2:1- ^a)^ 5J^- O.S ^^ 
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21 ^/a^ 7l^^ sjgyjl, 2)(\ 1 < \ 2)2] ;^12 ^^Ji5.S.J^E1e] :t^^ o)-g-Sfo^ ;H12 7):^ 

t2 > tl)# ^12 71^ oH^loil cDs> ;.j>ifi] pflAjj ^/s^ 7]^-S- SJS>J7, i£).;^^(x 3) (\ 2 < X 3)s] m ^J" 

7]-a^ sjsFfe cfli- igaoiB], 



^71 cHl- 2]<HE 171121 ^Sh^ ^^21 ^ O^S. ol^Ol^l-^ ^21- ^Jl^ 

-^^71 2]^ ^2:'>11 ^^y] m ^€-2.S-¥-El2l 4;a-(X 1)21 ;<lll ^^oj ojAfeV ;g^o|] ^.^gsl-^ :^^o^ J^^:^ 

^^71 2)^ ^£oll >^>7l m %^o_^^B]5] s[^j-{K 2)21 ;H12 %^°\ 'U^}^ ^■f'H] ^^^asFfe >S-7l ;«)12 ^^2l-S|;a^ 
f^. alcflsl 5);^:^^^ 5}-^ 2)^^^2] 5)^i Sl-^l. n2, 

^^7l S)^ ^2oll .^V7l ;H13 ^^^S-^E^fil 3)-^V(X 3)21 ;»ll3 ^^o] oj^].^ ;g^o|i ^v;^!}^!.^ >||3 :^^g^ 5)^^ 

^oM 3ll-:g-(\ 1)S1 sj-^oil 2l8fl A^7l ;^li 7]^ Dfl^ofl ;,j)>g ^/£E^ 7]^^ l^t!" ^^7l cB# ^02:21 

:ii^2l -^^ 7l)^=M- NAl, 

^^71 4^(X 2)21 ^^011 2l«l) >a-7l ;H|2 ^^iL 71^ D|l^o|l ^/£Efe 7l^^ ^s^fe cll ^S.^ ^7] nfll" ^2:21 
±^S\ 711 ^^1- NA2, 

^^71 B^^J-(X 3)21 ^^«>il 21«[| 'S-71 ;»1|3 7]^ ofl^oll ;»I1'S ?J/£fe 71^.^ ^«l-fe C-ll l£.t!- >ih7l cll-i- ^2:21 
4i^2l Aj.^ 711^^1- NA3AS. t "fl. 

I nl I > I n2 I 

I nl I > I n3 I 

l-'?>^Al?l^f.AH], 



-^•71 cfll- ^afe -^-71 ;Hll nl^l- Sl^^^ -S-?) ;tlll 7]^ v^4<^] tflt^ ^jJi2l .^fl^j ^/S£fe- 7l^# 

71 ?1«fl, '^•71 7ll?-^(NAl) Iflofl'^i 'JfjSt!- ^>^^*>£^ 'S-71 >lll 71S. rUsflfil ;g£L 7]^^ ^^-"ll ^] 

^ XiJl, ^^71 ;«112 ^^21 n2^} ^^i^^ -"^7] ^^^S. 7]^■ nfl^ofl cflcV ^^^21 7l^# Sj5}7l ^Sfl, 

'a-71 7ll^^(NA2) Ml^llAi <?f:£o}- 3l.ia# ^^j5l-£^ ;<fl2 71^ o|l^]o^ 7]^^ ^J-ol] ^ oJ,Jl 

-^^71 ;«i]3 ^^■a n3S> ^J-7l ;»il3 ^^ii 7l^ oll^o)] ^^^2} ^fl-*^ 71^1- «j5l-7l ^7] 7]] 

^^(NA3) vfloijAi <^^^^> ^^^5>£^ ^J-71 ;<1|3 ^^S. 7]^ ofl^sl 7^^^ ^^^^ ^ oj^^ 5j o. s. 

^^S. Sl-^ «:H* ^2.. 
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^T^D- 60. 



s\ ^il^S 7l^# sjtl-n, 2)(\ 1 < X 2)21 ;»fl2 °l-g-sfo1 ^12 7]^^'>H( 

t2 ^ tl)* ^12 ^^ji 7)^ nH^loil djsi ^^^21 4^ ^/iEfe 7l^^ s^Sl-Jl, 3) (\ 2 < \ 3)2] ;H13 ^ 

^ OLS.a.Elo4 o)^sH ^3 iL:^ 7)^ ^7)l(t3 > t2)« $}-^ ;H13 ^^Ji 7l^ Bll^oil d)^ ^^s\ WSi 

71^^ ^^-a ^^1-8- ciii- ^!2:o]a^. 



^••71 4^J-(A. 1)21 ^^ofl 21S11 ^7] 4l 7l^ D|lSl|ofl 71^-1- Sjsj-fe cfl ^2.^ ^7) cfll- ^aSl 

i;gs) >y-# 7l|^^l- NAl, 

'S-^l a1-^(\ 2)21 ^^«^ S1«(| 'i)-7l 7(12 7]^ oll^oil ;<11>i!| 7l^-i- sjSj-fe cfl >S-7l cfl-i- ^^fil 

4i^s1 711^^1- NA2. 

^7] s^^i(\ 3)21 ^^o|| fil«|) ^71 ;«fl3 ^^il 7]s nj^loii 4^ ^/5c^ 7|s^ sjs^^ ell -^^7] cJll- ^S21 

4:^21 7B^^» NA3^S ^ nil, 

CBI- ^2:P-1 2jol£ 1711S1 ^^^^ ^V7] xfl^) ;^l3 y]^ u^^sH ^«.ol] cflSfl.^ll^S 7]^^ Sj 

*f7l ol-8-Slfe- -^-71 7l|^^(NA3) iflcll tH-i-sl-fe- <g^4, >^7l -^-f <g^iiLc1.£ ^^"^oll ^I^ISH 2j<HE 
>\n %^iL 7]^ cflSIl 71^^ ^Sl-71 ?1«1 ol-g-Slfe^^ <g^sl ^olE27llSl <a^S olf- 

-^•71 -^-f <g^ol] ^A^^l ^2o11 ^^^S^EiSl Bl-^oH^ 1)2) ^ll ^^^1 'y^f«L> ^^°11 ^^7] Mh 

s\ ^, ms\ ^^ 7.}^t ni, 

^o'-7l ^f- <3^oil ^^^^ ^^oil ^71 m ^^o.S-^El2l 2}.;^(x 2) 2l :^]2 ^^°] "aAl-tt ;^-?-°il ^^>asVt ^J-71 
;«112 ^#21 5|^^ f', ^tflsl 2l^^%=# 5)^^21 SV^l- n2, 

-^,^7] <g^o)l 5l^ ^^o]] ^7l ;H13 ^«o.S.-¥-ElSl 5!^^^(K 3)21 ;iil3 ^^o] oj^l-*!. ;§ o.6|i m-^^g}^ Aj.7) 

I nl I > I n2 I 

I nl I > I n3 I 

i-^v^^l^l^^^H, 



^ch7l nfll- ^2:^ ^>7l ^-f <g«ol]Ai f A^sffe >i,>7l ;Hll ^^21 nl^f 4V7I 7]^ Bfl^ofl rJl^V ;g 

a. 2] ^flAlj 7]^^: Sj5l-7l ^V7l ;Hli 7]^- ofl^jo^ 7|s.ig ^Hl ^^sVn, ^-f 

^^^s>fe ^J7l 42 %^S] n2^\ Sl^^^ ^V7] 42 %^SL 7]^ oH^ofl cfl^V ;^^^o^ ^/^^^ 7]^^ gjgf?] ^sfl 
^^•71 ;«I12 ^^Ji 7l^ Dfl^fi] 7]^^ >i}-o(| ^^sf ji, -^7l -^-f- <g^ollAi ^^^^ ^7] 43 ^^21 n3^1- Sl^^ 
^ 1)-7l ;^13 7]^ all^oil cflev JgjiSl ^/SEfe 7]s.^ ^§1-71 ^Sll -i,V7l ;«113 7]^ nflJiflS) 71 

^<^1 ^J^sVfe 5J* -^^^S sV^ cfll- 
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;«1|59^ £fe ;«fl60^<^l Sl-H-^l. ^7) ^V^(nl vfl^] n3)fe cf-l- ^-l- Sl^^l^-lfe 5i# ^^-^.S .sF^ cfll- ifflZ:. 
I n2 I = INT(\ 1 • I nl I /X 2) 
I n3 I = INT(A. 1 • I nl I /X 3) 
I nl I > I n2 I ^ I n3 I 

^. nl* 0. ± 1 o]S]2] ^i^^. INT(\ 1 • I nl I /X 2)fe X 1 • | nl | /X 21- ^V^^sj-o^ <Q7\] ^^^o] jl, INT 
(XI- I nl I /X 3)^ X 1 • I nl I /X 3* ^l-ir^sfo:! ^Tfl ^^o]^. 

46l^<=^] 9lo]^^. S>^^l?lfe- SFfe- cfll- ^a. 

I INT(X 1 • I nl I /X 2) - (XI- | nl | /X 2) I < 0.4 
I INT I (X 1 • I nl I /X 3) - (X 1 - | nl | /X 3) | < 0.4 

^159%>- £fe ^160%H1 ai-H^i, "-^7] Sl^a ^^011 <Qm^ ^oM 4^c!-(X 1)91 ojx). s§.^s] I (X 1), 4V7I 

>i^7l ^soi] <aAi.s].fe ai-;3-(x 2)fii <u^\ (x 2), ^7] (x 2)21 ^j-^ ^7]'^^^ 

(X 2)21 <yA> ^^O) .^V7l ^^1- -f 2)-*V ^oj ^^o] i^^^ g) , ^l-7l ^^0)1 "^^1-3^^ ^^7] 

^^H^ 3)21 <a>^l- ^^21 Ij^ (X 3), Aj.7l ijj^ 3)2^ gjo] oJa]- ^g-^o] Aj.7] gJ^J 

^2:1- :f 21 #A1. louT- (X 3)0121- ^4 nfl. Cl-^ "jV^AlT-lfe ^^^S. §1-^ cHl- ^3. 

louT l)/IiN (A. 1) > 0.7 
loirr (>^ 2)/IiN (X 2) > 0.7 
louT (^ 3)/I,N (X 3) > 0.7 

>059^ SEfe 460^<^] 3Xo\^], ^^7] 5)^ ^Sfe B), ^^7] 5)^ *V^(nl)S 5l^^sl<>1 Slfe" ■S-'^l'^l, ^ 

^ tV^'^l^lfe- ^^-^S. Sl-^ cHl- ^a. 

380 nm < X 1 < 420 nm 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 nm 

340 nm < X B < 440 nm 
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I nl I = 2 
I n2 I =1 
I n3 I = 1 

^164*<^) 9X<^^, cf-S- °J-^^l7lfe ^# ^^^S. 5fb cfll- ^2:. 
350 nm < \ B < 420 nm 
66. 

'S-^O.S. ^^5|-fe ^^1-21 2]§>^^^ ^^^^ 5l-fe Cfll- ^2.. 

A CA, ^o'-7l 2^^j-(X l)iL^ 5 nm ^ sj-^g-o^ Wo] ojAj-f ^ nflo^ a^V7) 7ll^^(NAl)oil tfl-g-^Vfe 
^^S\ ^^^-i- A SA31- njl, nf^g. ^V^a]?)^ cfll- ^a. 

-1 < ACA/ASA < 0 

;«1|64%H1 Sl^HAi, B), >S-7l 3)^ Sf^(nl)^ a^^^^ >^7l 3]^ ^23] -S^?] ^^fil ^sj z]- ^^Jl-, 

05= I nl I • (b2 • + b4 • K* + be • »f + ) 

4*K 6^h 2] 7il^(5l^'a ;^|^2^-j2H 

PD = S(-2- I nil •b2)<=fl 2l«fl s^^l(inm-M7V'^-S-^-i- t>#Al?lfe5J.i-a.;j!o.s.*> 

0.5 X 10 "2 < PD < 5.0 X 10 -2 

^159* ^^leO^j-^l Slol^i, ^^7] sl^i B), ^^71 *V^(nl)S. s|^^S]cH ^aH, c)-^ i] 

* -L^^^l^lfe 5}# -^^'-^S. clll- ^2:. 

380 nm < X 1 < 420 nm 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 nm 
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400 ran < X B < 430 nm 
I nl I =6 
I n2 I =4 
I n3 I =3 

^169%^ "J^^l^lfe S-i- ^^-2.5. SVfe ifll- ^2:. 

405 nm < \ B < 425 ran 

^I69^°il ^a-^l "fl* -^-71 3rl-;^j-(\ D^cf 5 nm ^ 4^2] ^^l "a><'l-^-i- tflofl, =^^f7f fi^^j 

S?1>iSl ^^^^ A CA. l)iiq-'5 ran ^ 4^^] ^o] oja}^^ ngs] ^^7) 7fl^^(NAl)oil i:fl-§'5l-fe ^ 

n ^^^^ A ^a* "11. "^-s- & ^1- ^^-^s. =fl# ^2.. 

- 1 < A CA/A SA < 0 

^egig-'fl Sl'H'^i. B), ^^7) S|-=^(nl)S ^1-7] ^^9] ^V7) ^^o| z|. 

Ob= I nl I • (bz • if + h4 • h" + be • + ) 

«=fl s\n ^SSf M-Ef^fe ^•foll[<^7lAi, hfe ^^^S.-^E121 ^Ol(nB), b2, b4. be, 2^K 

4^K 6^K 2] ^S.*}- f-T^ n^isi^^ 7ll^e1-ji£ t)<a], 

PD = 2:(-2 • Inl I -bz) 

oi] 2)811 ^2)s]fe- 2)^ ^2:°l-2l ^^Knun"' )7l- ^-S" tb^^^l^lfe ^-^ sffe cfll" ^S. 

-5.0 X 10-2 < PD < 2.0 X 10 -2 
74. 

;H159^ ;t1l60%Hl Si-^^i ^i-7l sl^ ^^fe- 4:8-(\ B), -S"?] S]^ *l-1^(nl)S ^^^Sl<^ Xlfe ^'»>H, cf-S" ^^1 
^ ^#>«>1?1& ^^^S 5>fe cfl^ ^2:. 

380 ran < X 1 < 420 ran 
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630 nm < X 2 < 670 nm 
760 ran < \ 3 < 800 raa 
390 nm < X B < 420 nm 

I nl I =8 

I n2 I = 5 

I n3 I =4 
^T^D- 75. 

^74^<fl t^-§- ^^^^ nfll- ^2.. 

395 ran < \ B < 415 ran 
^=f-*^ 76. 

;«1|59^ SEfe- ;«ll60^ell ^7) i^s-fe i7l]fil 1^25 ^^y^l ^^.^S. SVfe cj)l- ^S. 

^/Pl)- 77. 

476*M Sl<H^i t:fl# ^S2] ^7) 3l-^V(x i)o)l o;i<ilA^fi] 7lE]l- fKmn), f'^) ^^l* d(iiim). ^7) cJlf- ^ 
2:Oll "a^Sffe ^tJ-7) 1)21 2];^^ (J, Kma), ^^7] m ^^^A 7)^ nflsfloil cMtV ;gia.2j ^fl^ij 71^.^- 

^-f 2] ^'-71 till- ^SS] 4^ 7] Ell- fBSWole} cf-i- "Jr^^l^l^ 5J# ^^^S cfll- ^ 

0.7 < d/fl < 1.5 
2.8 < $ 1 < 5.8 
fB3 > 0.2 
^T^lh 78. 

459^ £^ ^^lleO^oll Sa<H'^i ;^3 ^^Ji 7]^ nH^ofl cfl^V ;§is) ;«11^ 7is..§. sjaj-fe ;g.f s] >^7l efl 

1- ifflSS] rni^^ m3«>l2l- ^ ^-fofl, cj-i- °v]-^A]?l^ ^^^S. 5>fe tfl# ^2:. 

m3 < 0 

^t"^ 79. 

^)78^ofl 5a<H>H, cl-S- t>^^l?lfe ^-i- ^^±S. Sl-fe- cfl-1- ^Z. 
-0.25 < m3 < -0.05 
80. 
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^178%H1 9).<^^l '^'-71 m ^^j^ 71^. ofl^ofl cfle> ;g^o] R]/£- 7is.^ ajsj.^ ;§ o-s) ^^.7) cfll- ^22] :i 
m22t 1+ ^^'Hl, "J-^Alflfe 5}^ ^^^S. 5ffe nfll- ^i. 

tn2 < 0 

^180^011 Sa'H'^l. cl-g- ^-i- °J-*-Al7lfe -a.;!) §1-^ cl)# ^2.. 
-0.20 < in2 < -0.02 

459^ ;*il60M Si'H'^i, ^71 711^^ (NAl ^ NA2)fe, 
NAl > NA2 



* t>^Al7lfe ^Ajofl, Aj.7] cfll- ^2:2) ^c^7l -y-^ 7fl^^(NA2) iflofl c)] .g-s).^ ^f^dV 4V7I 2)21 ^ 

4^7) -^J^ 711t^T^(NA2) ^ofl'^i -^•7] 42 7)^ nlj^lel 7)^^ A^6\] oXo]A] r^lsAl7^0. 

07 \ 2 rmsJic} >a-EflolJI, £E^> tfll- ^2:21 '^■71 7ll^*^(NA2 vfl^^l NA1)<^ tfl^§>fe Jf-sf^^ 
^'71 4^J-(\ 2)21 ^^7] 42 7]^ 7)S..a AV^;^] SL^sy^ ^A]6^^ ^^7] 2) 2l 

€: ^7] 7l)^^(NAl) ^^7] 42 7]s. a|1^2l 7)^^ -Jj-oU o^o]Ai 3)-^ ^r^fsl rms^l 71-0.07 

\ 2 rmslicl. # Aj-Efloj jj.^. E.;y o.^ B^-fe tfll- ^2:. 



^T^*J-83. 

;H]82^H1 SZ^I^i -^-71 4^j-(X 2)21 ^^.g: >a-7l ^o^# 7ll^^(NA2) iflofl^i -^-71 7l]2 ^Jgja 7]^ nfl^lfi] ;.j_5J^ 7)3.,^ 

^o)l ojlo^A^, 4^ ^^l-o^ nns^l 7} 0.05 X 2 rmsJa.c1- ^l"^ ^Eflol H. ^^7] -^^ 7ll^=^^(NAl) ^<A]^ ^^7] 42 
7]s. nll^oj 7|s.^ .^ofl ^c,]A^ 2).^ ^^^j-oj rms:*!?!- 0.20 X 2 rmsJicl. s ^Eflo] ^^S^S. Sffe 

^^^84. 

^182«^<H1 Sl'^l^i, ^o^7l nUl- ^S21 AV7l 7ll^^(NA2) ^<Hl nfl-g-sl-fe >y-7l a1-^J-(\ 2)2l ^^21 

^^7] ;H12 ^^^.a. 7]^ 0^42] 71^.^ '^MlAi2] ^^fai-, cfli- ^2:21 ^7] 7l1^^(NA2 ifl^l NAl) 
<fl tll-§-Sm 'S^^ -f 4^ 'S-71 4,^(X 2)21 ^^2] >S-7l 7l|2 7l^ 44^ ^S. 7)S^ 'S-oflA^fij 

^71 ^v-^ 7ll^^(NA2)<H] 9X^^] ^^.^S SFfe cfll- ias. 

^T^*c)-85. 



^182^0)1 Si-^-^i, -^7] S\^A ^2i7} ^Aj^ '^>7) cH# ^2:2] :^S^<aoll o^ojAi, ^'"71 7ll^^(NA2) ^4 cfl-g-Sl- 
^ 9^4 ^^y^ T^a*^, -i)-7l ^^o.s-¥-E^2] l)S\ pdli ^^o) OJA].^ ;§J?.oJl >a-7l 

^^21 s\^i% ^, ^cflo] s\^i^^^ s\^i%^ 5)^ ^V^af, AV71 7ll^^(NA2'vfl^l NADoll tfl-g-s}^ "9^ 
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"•^7] 7ll^^(NA2) ^<^1 cfl-g-sffe <^«6i] ^Aj^ 5)^^ AJ.7] 7ll^^(NA2 NA1)°11 cH-g-Sffe ^ 

^182%H] ^OjAi, ^7] 5)^ ^271- ^A^^ Aj.7] cl)# ^2:2) ^^^-c^o]) o^o^A^, >y-7] 7ll^^(NA2 ^^^1 NAl)°ll 

NAl > NA2 

» -JV^A]?)^ ^Ajo)!, AV7i cfll- ^S21 A^V7i 7fl^^(NA2 NAl)oil cfl^sfe -y^VSV^ 

\ 2)21 ^msl-il, >S-7l tfll- ^^o^ Aj-7| Aj.^ v11^^(NA2 Ml^l NA1)°11 nfl-S-s}^ <g«ol) Aj-7] ^j.;^ 

^^'^ 5>fe- cH# ^i. 

^87*°11 9X'^^^, ^c}7l 711^ a^V71 ^W^2.Q] AV7I ^i"^ 7fl?-T^(NA2 NA1)°11 nfl-g-ar>^ «a«oil oj 

H^}^ Sl-^(X 1)2] -S-A|oll, ^7| Cfl# ^32] -^-71 7fl^^(NA2 ^fl^l NA1)<^1 cfl-g-sl-fe 

^d^^m^ 2)21 ^^B^fe Bl-^J- Ad^^^l- 5J# ^^^S. Sffe- Cfll- ^3. 

^T^«J-89. 

^87^oil Sl^^i, ^7] 7ll^ ^7] till- ^SS] ^^Vofl ^A^^ 4:3. A^^j ^e^o] 7^^ ^^o^s. atfe 

^182^<»I1 S1<H>^1, -a-?! cHl- ^331 7H^-^(NA1. NA2, NA3)fe. 
NAl > NA2 > NA3 



* ^^^l7lfe f-AH, >ij-7l cfll- ^2:31 >i^7l >S-^ 7ll^^(NA3) iflofl cfl-f-Bl-fe -f 4^ >8-7l 3l-^J-(X 3)21 ^ 

^7l 7fl^=^(NA3) ^fl°llAi ^1-71 ;H]3 7]S. nflSflol 7]S-.a Aj-olj oJc>lA^_ =-^1-31 rms^|7|-0. 

07 X 3 rms^lli^- 4-8- ^'-Eflolil, S^V '^'•71 cfll- ?]^2l Aj-7] aj.^ 7fl^=^-(NA3 ^^1 NAl)o11 cH-f-Sj-fe <g-^# -f 

t> ^'■71 2f^(X 3)21 A^7) j^^^^ 7)S Dfl^lS^ A^ja. 71^^ ^7/[7.] S,^t}^ %X\d\], ^7] S^^{K 3)2] % 

^7] 7l1^^(NAl) MloflAi ^V7l Ai]3 7)^ msflsl 7]^^ ^<=^ SJi^]^] 4^ 'r^fsl rmsj^l7>0. 

07 X 3 rms^t^ ^ ^Eflo] ^^o^s. sj-fe- tfll- ^s. 



^190%H1 $X^^], ^1-71 3l-^J-(X 3)21 ^V7l 7l1^^(NA3) ifl^ll^i ^>7l 43 7]^ oijAflSl 7]^.^ 

Aj-oll Si'H'^i 4'a t"*]-21 rnis^)7f 0.05 X 3 rinsJSit^ -^^ol j2. !E^V '^•71 7l|^4'(NAl) "^7] 43 

7]^ 44S\ ^S. 7)^^ -y-ol] sXo]A] 4^ 4.SI-SI nns5t7l- 0.20 X 3 rmsJicl- ^ -S-Efl?! ^J* 
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-^cl-^l 43 ^^jri pl)^)o^ 7]^^ -ih^HAisl =^-^]-sq.. cfll- ^as^ ^7] 7l|^^(NA3 NAl) 

7ll^^(NA3)<=11 Siol^^i ^^^^ cfll- 

^^^93. 



mO^M 9l'^^^. ^2:7} ^^y^ >iJ-7l cfl# ^2:2] ^^'fiofl Sa^l^^i, l^^l 711^^(NA3) vfloll tfl^Sl- 

<^^o)l .^^^^ 3);| ^aoil AV7I ^«:^S-¥-E-l2] i)sl ^^o) ojaJ-SV ^o-d\] ^^.7] ^ 

^Soll >8-7l ^«^S-¥-El2j s^^(\ 1)3] ;*112 ^^o] ^JA].^ ;gip.6|l t^JjSl-fe- >S-7l >0i %^3\ S)^ 



"^7] -a--^ 7fl^^(NA3) 'fl-g-sVfe <3^ofl ^^J^ 21^4 ^S2f, ^7] 7ll^^(NA3 ^^1 NA1)«^ tl]-§-5|-fe ^ 
^T^^94. 

^190^011 Si-H^i, ^'•71 Sl^ ^27V >S-7l rfll- ^2:21 ^S^^ol) oJo^A^, aV?) 7l)^^(NA2 ifl^l NAl)oll 

"fl-S-sVfe ^^a^ s]^ 1), 4i^^2^ sf^s. 2) 7^si-5icH 51^ ^^^s. t}^ cfl* ^a. 

^T^D-95. 

^82^^^ ^7] till- igafe, 

NAl > NA2 > NA3 

# "L>^'^l5'lfe *^1<^1, -^-71 Cfl# '^V7l 7fl^^(NA3 ^^1 NAl)°fl Cfl-S-S>fe 'S^oll "a^l-Sl.^ AJ.7) 

A. 3)21 ^V^sfc^, ^1-71 nfll- ^i?-] AJ.7I AV^ 7fl^4^(NA3 ^^1 NAl)oil cfl-§-3}^ <^^o|l <yA}s>fe ^7] 

(X 3)2) ^^o) ^7] 43 7]^ ofl^s) 7l^^ 'S-^'H StsM Sl-fe 5J<>1 7)-^t!: 711^ ^^-i 

SFfe t|)# ^a. 

^^D-96. 

^I95«j-°il Si'H'^l, -^0^71 711^ 4^ ^V7l cfll- ^2:2] ^V7l ^a. 7ll^=^(NA3 ^^1 NA1)°1] ^^t}^ <^^oll 

A}t}^ 1)21 ^^21- 2)21 f-45>^ ^^7) Cfl# ^22] A^V7] 7)1^^(NA3 vfl^l NA 

1)°11 "fl-s-sl-fe- "yAfsffe 3)21 ^V-Sisl-fe ^^^S Cfl# ^2:. 

^T^i)-97. 

^194^'=11 91^^, -a-?) 7fl^ ^7] CHI- ^2:21 ^41-^ >5!-6(| ^A^^ 4^ l^l?] -^^ t}^ 

^t'«J-98. 
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;H159%1- 5Efe- ;»I]60%H) ^^^^ §1-^ c|]# ^S. 

100. 

^99*«>fl 9X^^. ^^7l -S-el ^ol^(Tg)ol 400 TC oIb]-?! ^2:. 

^T^^ 101. 

^59%> £fe >a60^o)l 3X^^], cl-g- ^^^^1?!^ ^^-^S s>fe nfll- ^a. 

380 nm < X 1 < 420 nm 

630 nm < A 2 < 670 nm 

760 nm < \ 3 < 800 nm 

0.0 ^ tl < 0.3 

0.5 < t2 < 0.7 

1.0 ^ t3 < 1.3 

0^99 > NAl ^ 0.70 

0.70 > NA2 > 0.55 

1.55 > NA3 ^ 0.40 

^n^lJ- 102. 

S| ^/Sfe 71^.^ s|3l-jl, 2) (X 1 < A. 2) si >ll2 ^^.S^-^Els) ol.g.sl.o^ ;,l|2 71^8- f-^( 

t2 > tl)l- ^12 ^^^^ 71^. ofl^oil cflel ;^iio^ pflAlj ^/iE^ 71^-^ sj5}2, 3l-^c)-(X 3)(X 2 < X 3)S] ;()]3 ^ 
^ O.S-^e:|2] ol-g-SVo^ ;«1l3 7\% ^^(t3 ^ t2)l- m 7l^ nljSfloll cfl*!- S/SE 

7l^^ «JS>fe- ^^<g ^Sjolnl, X|59^ ^160^<^ 7)71)^ cfl^ igSl- T^HltV 5!^ -^^AS sj-fe ^^"3 ^S" 

103. 

;«I1102D-<^1 7l;«fl^ %^<^ ^^11- 53* ^^^^ sj-fe ^-^^ ^/Sfe- Sl->^>fi1 7)^ ^^x] s]- 

71)^ 

^T^^ 104." 

54^(X 1)21 :^^O.s..¥-ElSl ^^.i- o\^tyc^ f-^(tl)» ;«fll ^^Ji 71^ oll^(l|«ill t\{^ 
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2) ^/Efe 7]^^ sJsl-Jl, 2)(\ 1 < X 2)21 42 ^ti^S-f-E^s] oj-g-sj-o^ ;^l2 

t2 ^ tl)l- ^fe ^12 ^^^Ji 71^ "ll^oll cfltV ^^2) 5J/£&^ 71^.^ s^l^U, 3)(X 2 < X 3)^1 ;ill3 % 

^^^^s\ ol-g-5F<^ ;«1|3 a. J: ^?^(t3 ^ t2)l- ;^13 ^^ji 7]^ oBAfloi] cfl^!- ^jjia] ^fl^j ^/se 

^a-^i-g- tfl# 



71 ?1^V 7]^ f-TllsV iiL;§ 

^^7] 4^(A. 1)21 Sl«fl ^'•71 4l 7]^ ofl^oll 7)^1- ^sj-fe- Cj) cflf- ^2:2] 

^i^ysl 711^^1- NAl. 

-^71 ^^^Ji 7)^ nH^ofl cHeV ;gi2] Tll^il 7]^^ sjsffe- ;§-f 2) Aj-71 cflf- ^2:2] Bfl^^ miolel" 

-^7] cfll- '^•71 1), 1h7l 7l:& ^^(tl), ^7] 7]1^^(NA1). -^-71 Hll-i:ml2l 

<fl 5aoi>^i ^•'3 ^*V7V ^^<H] sa£^ 5J-i- -^^ ^.s si-^ mi- ^2:. 

^^D- 105. 

^)l04toll 5a<H'«-i. -8-71 Cfll- ^Sfe ^2:?! 5!# 5].^ cfll- ^s. 

^T^*J-106. 

^1104^011 SZol^i ^8-71 cfll- ^Sfe 17BS1 ^S^O.^ O.S t}^ oi# ^S. 

^l^«j-107. 

^1l06«J-«fl ^'^>^i, ^1-71 cfll- f ^2] ^V7)'4^J-(X 1)°11 Si<^^i2l 71 ell- fl(ram), f^4l ^^^l" d(nim). ^i-7l nfll- 
^Zci\] ^)-7l 1)S1 (i, i(m), ^j-71 43 7]^ Dfl^oll cl1*V ^M.3\ ^/SEfe 7l^ 

^ ^Sfe ^•f2l >S-7l 1^1- ^S2] 7le1# fB3(MD)ol5l- ^-i- nil. i]^ ^V^Al^lfe 51^ Sj-fe tfll- 

0.7 < d/fl < 1.5 
2.8 < 4> 1 < 5.8 
fB3 > 0.2 
^T^i)- 108. 

;<fll04*«fl ^7l cfll- ^2:S1 7l|^^(NAl, NA2)fe, 
NAl > NA2 

^7] clll- ^2:21 ^7] 7ll^^(NA2 vfl^l NA1)<H1 ifl^sl-^ <g^o|| 'U^m^ ^7] 3|-^j-(\ 2)21 ^^1- 7.}^t}jl, 

^7] t|1# ^39^ -y-71 7ll^^(NA2 ifl^l NAl)<^t cfl-g-Sl-fe -^-^oll o^A\t}^ Aj-71 2)21 ^^o] ;^]2 

^^jli 7l^ ul)^)2l 7]^^ S.^SVX] t}^ ^o] 7}^^ 711^ T^^-i" Sfe- S^fe 
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109. 

^HllOS^Hl $X^^. ^^7] 711^ ^V7i cfll- A^V7) AV^ 7l)^=^-(NA2 NA1)°11 cH-§-Sl-^ <g«o|l 

1)21 ^^7] ifll- €2:21 ^7) 7fl^^(NA2 ^fl^l NAl)oll tfl-§-Sl-fe <g^<^ 

4^(X 2)2] 7.}^t}^ 4^ ^# ^^±S. t}^ Cfll- ^Z:. 

^T^^llO. 

^Il04^o|l Sl-H^i. -i.^?! nfll- ^2:21 7l|^^(NAl, NA2. NA3)fe-, 
NAl > NA2 > NA3 

A^7| Cfll- ^S2] -y-^ 7ll^^(NA3 Vfl^l NAl)oil Cfl-g-sffe <g^0ll -yA}*}^ Aj.7l 3)0) ^}^t}c^, 

^^y] ^S2] >^V7l ^J-^ 7fl^^(NA3 O]:^! NAl)ofl nH-g-Sl-^ <^«o]l <yAl-Sl-^ 3)2] ^^o\ ^^7] 43 

7]^ Dii^sj 7)^-^ Aj-,].;,! s-tsF^l 5]-^ 5J01 7i-^t}- 7i)i^ 4^ 5i* ^^^-^.^ sffe 

^t"^ 111. 

^IIO^-^ $X^'^], ^^7] 7ll^ ^^7] nfl# ^^o| AV7I ^1-^ 7ll^^(NA3 ^fl^l NAl)^!! cfl^sfe 

>^}S}fe 4^(X 1)2] f-4S>fe ^AH), AV7| nfll- ^32] Aj-71 Aj^ 7fl^^(NA3 vj];^l NAl)oll tf{^t}^ <S^<^1 

■a^sl-fe 4^J-(A. 3)2] ^l-i^ffffe 4^ ^^^di- ?>fe 53* ^^'.^S sVfe "fl* ^2^. 

^T^^112. 

^lOS^ofl ^7] 711^ ^la-^ -S-?! tfll- €2:3] ^y-ofl St-^ A}^ lE^?] ^l" ^^'^ s]-^ 

^^^113. 

^1104l!-<=fl Si<H>^i is^^n ^s-s. ^^^^ 5i* ^^^s. sl-fe tfli- ^2. 
^T^^ 114. 

^1104%H1 Si'H'^i, -8-21 ^llSS. ^-^^^ 0]# ^2. 

^T^^llS. • 

;0] 104^011 si-H-^i c^-S- t>^^l?lfe ^-t nHl- ^2. 

380 nm < \ 1 < 420 run 
630 nm < \ 2 < 670 nm 
760 nm < X 3 < 800 nm 
0.0 mm ^ tl < 0.3 Dm 
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0.5 Dim < t2 < 0.7 mm 
1.0 mm < t3 < 1.3 mm 
0.99 > NAl ^ 0.70 
0.70 > NA2 S: 0.55 
0.55 > NA3 ^ 0.40 
^T^^ 116. . 



2] 4^ 7]^^ 2)(\ 1 < X 2)2] 42 ^^^S.^B]9] oj-g-sH 42 ^Si 7)^ 

t2 > tl)* ^fe ;<112 ^^.a. 7]^ Dflslioll cfldV ;grio] ^11^^ ^/^^ 3|s^;j7 3)(\ 2 < A3)2l m % 

^±S.^^s\ ^^.§. o]^t}c^ 42 7l# ^^(t3 > t2)l- ;*1I3 ^^^i 7)^ uil^oi) cflev ;:giL2) ^^F^ ^/S£ 



^^«cl- 117. 

^ill6^<^l 7l7M ^^<^ ^S-^ll- 5!* ^^.2.^ 5te Sl-^SI 7)3. ^/^^ ^/5E^ S|. 



^T^«J- 118. 



4^j-(X 1)2] :^]l oj-g-sj-o] ;^]i 7]:sa- ^^11(tl)l- 4l 7]^ uflsflo)] t]]eV 

^.^2] 7ll>8 ?J/iEfe 7]^■i 2) (A. 1 < X 2)2] 42 ^^.^S-^E-IS] ;?fl2 °]-g-5l-°i ^12 ^S. 7) 

^ ^^(t2 ^ tl)» ;«1]2 ^^a. 71^ °^4<^ cfl^ ^JiS] 7fl>« 7]^^ ^3}ja, 4^>(X 3) (X 2 < X 3) 

2] ^13 ^€^S-^Ei2] ;H13 ^^i- ^13 ^^(t3 > t2)# 43 ^^^a. 7]^ afl^oil cflev 

2] 4^ ^/Sfe 7)^^ dJsVlI, Stb 7]^ v^4 ifl^l ^V7l ;H13 7]^ oH^ofl nflfi^- ^JiS] TflAjJ 



2) J1E]^?1 37112] ;g-foll, 2f jg-i: <g^6lj ojx].^ ^^O] f-Sj-S^fe 4,;^|.fi|-<g^ 

£th ^ch7l ;»il2 ^sh.'S^oil <yA>t!- >i!-7l 41 5J ^)2 44 "^7] 4l S ^12 ^^^.e. 7)^ ofl^s] 4 ;giL 7l^c^ 

5E^. -S-71 >1|3 "g>^>^V -^-71 ;«]ll -S-?] ;»lli ^;§a. 7]^ oljiifls] 7]^^ >S-<H1 <y=3:^ J^^-fr ^ 

'^^Sl-E.^ ^J^S}^'?]-, ^^7] ;(fl3 %n <yA>eV >y-7l ;«112 ^ ^HlS ^^'S- 44 ^7] 4z ^ 43 7]^ nj^s] • 

4 ^^iL 7]^^ >^voii <>}s.^ 4^* ^ 'a 51-4 ^-a- AS. t}^ %n dt^. 
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119. 



1)2] ;^ll ^^0:S^E-|2] 4l <^l-g-5H ^11 7)^ ^^l(tl)l- n]l 7]^ aesfloil cfldV 

^^^21 ;<11^5 7)^^ «J5U, 2) (A 1 < X 2)21 ^12 ^^^S.-?-E-|e] ;Hl2 °l-g-§H ^12 7) 

^ ^11(t2 > tl)l- Sfe ;H)2 ^^iri 7)^ oH^joil cflev ;grie) ;<)]A!) ^/5c^ ^js.^ s^g|.;2, ^^(A. 3) (\ 2 < X 3) 
21 ;til3 ^«o.S-^El2] »13 ol-8-sH ^13 ^S: 7]^ ^^(t3 > t2)l- m ^^iL 7l^ nfl^d!] cfl^ 

21 Qt/cE^ 7]^^ sj§y:2_ iEsV a^V71 ^ll 7]^ ofl^ ifl;^) ^^7] m 7]^ njafloll rfl^ :§^9\ ^^^g 



21 ^^2] 37fle) <g^^S. ^1-71 2| «g^o11 ojAj-rJ :g-^o| ■§ Sfs)-^ ^Vy) ^-5]- ^;^|.o^ cga)^ 

%^ 51^^ sVaflS <9^, ;«il2 %n ^l3 «S^olel- ^# "11, 

-^•71 -^^^ <^^o)l "yAl-ti: '^'■71 vfl^l ;t1l3 ^7l Ml^^l ;«1l3 ^^^il 7]^ n||^2l zj- 7l-^^ 

S^-t!-. >^V7l ;H12 <g^oi) oj^^ev ^^7] ^ ;^i2 z^-z^ ^^7] % ^ ^^£L 7]^ o^^s] 4 ;giL 7)^.13 

5Et^, ^'•71 ;»il3 <S^°11 <yA].t^ -^-71 4l ^7] M]l ^:^iL 7m nll^s] ;§isi 7|^^ ^^H) oj^ev Bj.^^ ^ 

°c)=J:t> Bl-'S^ ^^^§^^1 f-^l<^l, ^j-71 43 ^^ °§'^<^ "a^l-?!- ^7] ;.1|3 ^mHl<H ^^7] 43 7]^ 

7)^130)) Etsj-^l 5i# ^"S^S. t}^ %^ ±7.1 

120. 

;H]119^°i] Xi<H^i, ^c!-7) ;H]2 °A 43 %n <S^°i] "an^ -^7) ;()13 ^^o) ^^'as1oj -^-71 ;»113 ^^^^ 7)^ ofl^sl 
71^^011 S.^t[7.] ^ 41 o^^ ;g.S|6,| ol^slfe ^^^S Sl-fe- 4i;^K 

121. 

^1 120^°il Si<H^i ^7] si-ia- VIS'S- ^7] %^ 4i;*l-2i Aj-oii ^^y^ 4^ ^Ei?] ^1- -^-^^s. 
^T^IJ- 122. 



4^(X 1)21 ;«11i ^«o.s.^El2l ;»l]l o]^^c^ 4i ^SL 7]^ ^^(tl)l- 5^^ ^^ill 7]^ ofl^o]] nflt!- 

^^M.^ 4^ 71^.^ 2) (\ 1 < X 2)21 42 ^€^S.^Ei2] ;(112 <>1-8-SF<^ ^12 AS. 7] 

^ ^^l(t2 ^ tl)-! §>fe ;«fl2 ^^^M 7]^ oll^loll nflev ;^^oj ;,flA^ ^/^^ 7)^^ 8^5^j,_ 3) (\ 2 < X 3) 

s] 43 %^±S.^^]9\ 43 ol-g-tH ^13 7]% ^7ll(t3 > t2)l- ^fe- ;»il3 ^^^i 7l^ ofl^loi) cfld). 

Si 4^ 7]^-i- ^§1-ai. £Et!- -8-71 4l "S^^S. 71S. nflafl ^7) >I13 ^^il 71^ °H^<H1 t)i^ ;^^£L2^ 

7i^oii m ■?-i-2i till- ^si- o]^^^ %^<Q ^^]^ ^^ 4i;^]-oh, 



21 ^^21 37)121 (g-^o.^ ;§^oi], AJ.71 zi- ^<Moti ^^<^1 -f-^-sfe -S"?] ^«t- 4i;^l-2l <a^* 

44 e'!}--^S-^E^ <2l#^ ^SB SHls ^^4^ <g^, ;H12 <^^. ^l3 ^^l" nfl. 
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°<^^t^ ^J^eW^J-, ^7l ;^12 ^AftV ^7] 43 ^^-a- SV^sl<H 'S-71 4Z 

^j3l-£^ ^^S-}^1^>, -^1-71 43 ^J7l ^12 ^ ^13 f-Aloll ^}-<^i£l<H 44 ^7) ;(fl2 ^ ^3 ^ 

^OL 7]^ oflsflel 7l^^o|l ^^^7] ^fe ^^i^S. 5ffe ^Sl- 4-.;^K 

^122^<fl 9lo]^l 42 ^ ^13 ^>^Vt!- ^J-71 ^3 ^^ol *V^J^<H ^7l ;«I13 7)^ nfl^e] 7]^ 

4^^^^ 7l^pjoll Z^-S}^] o^sm t ^ Hfe ^-a* ^^'a <^)-8-5lfe ^^-2.^ % 

^T^-^ 124. 

123^011 5a«H'^i -S-?! Sl-icl: ^^-g: :Ji;^fsl ^<iS\ tg-yjg a^-;;}- ^E^jo] S>fe- 

4\\S^. ^1119* sfe ;Hli22*oil 9X^^t ^7) >S-7i cij# igia-a ^^^s sVfe %^ 

^T^^ 126. 

^1118*, ;«i]ii9* Sfe- ;«ili22lh°11 Si-H-*-!, -^•7) %n i;^^ -^■7] tfl# ^ss^ <a^)-^^oil bHaI^ 
s. it;^K 

^t'^127. 

;»ili26*<fl 9X^'^], ^71 db:;^l-fe >a-7l tfl# ^afil- <y5fl7l- 5]cH b.^^^ ^-§-=1^ ^^^^ ±7.}. 
^T^D- 128. 

^Ill8«j-. ^1119%> afe ^1122%H1 Xiol^i, ^1-71 4l ^^1- 'i)-7l ;t||l ^^iL 7]^ nfl^ofl cfl^ ;giifi] 

71^^ sjt nflSl ^71 cHl- igSS) 4i^2] -a-^ 7l]^^l- NAl, 

;«il2 ^^1- ol-8-5l-<^ 'S-71 ;H12 7l^ Dll^oD cflev ;ga.sl ;<fl'« 7]^.^ sJt -^-71 cfll- ^2^^ 

i:^2l 7fl^=^^l- NA2(NA2 < NAl). 

^7) ;«1)3 o]^^^ -^-71 ;»113 ^^JS. 7]^ ofl^dii tfl^ ;g:e.s) 7]^^ „j2, ^^.7] tfli- ^as] 

C].# Aj^ nja^AlT-lfe O.S 5>fe ^t]- 4l^K 

NA2 = N2 • SING 2 
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NA3 = N3 • SING 3 

^, 

SING 2 : ^^7) 42 f', ^^7] 42 <i'^s\ 2^^^^ -f ^7] c|)# a]^^ o.s^Elfi1 

SING 3 : ^^7] 43 %^ ^, ^kA A \ <9^s] aj^^^ ^^7\ cfll- ^^^o.s^Elfil 

sH e 3(deg)sl ^cfl^jo] 

N2 : ^7) mi- ^asl -^^l-fi] -^71 2)-^ 

N3 : ^7) cfll- ^2:2] ^^7] 3)<^1 Siol^iSl 

^T^i)- 129. 

:»fll28^^ Sa<H>^i '^■71 A\ ^13 171)2] <g^o|l^ ol^<>1^] 

31^ ^2:71- ^^'AS 31-^ i^A. 

130. 

^)129^1-°)1 sa^l^l 'S-71 -^^-^l ^^7\ 2]^ ^^oii ^>7l ^#0] ;g.fofl y^^^^ ^7\ A\ 

^cJ-71 <^«c.ll >^o^7l 2)^d ^aoll ^0^7) ;»112 ^^ol "a^l-t!- 7j-¥-oll ^J-71 ;*)]2 ^^2| 5l^^ f-, 

alcfl2l 2);i:^%:# 5];i^2l Sh^* nl22l- S!* 'III. ■^■i- °vl-^Al7lfe 0.5. 

I nil I > I nl2 I Ife 1 SEfe 2 SEfe 3) 

^t'IJ- 131. 

^1130%H1 Sl^l^i, -a- 71 -^^oll ^^^^ >S-7l 3)^4 ^^oil ^o^7l ^^o) ojAf^ ;g^6|l ^7] 

%^a\ 2);^:^ f-, ^cHfiJ 2)^^21 ^V^l- nil, 

^J-71 vffli ^3}- <§«oll A^V7l 2)^^ T^aoil ^J-71 ;Hl3 ^'Ssffe 'ih7i Az f^^^ f'. 

^i:fl2] ^^^%=^ ^^^2) Sl^g Sf^l- nl3ole1- nfl, cf^ ii^ ^V^a]?]^ ^^^S d^A. 

I nil I > I nl3 I (^l-, ife- 1 SEfe 2 3) 
132. 

;i||l29^<^ Si'H'^l, -8-71 ;»1|2 % A^ <S^<flfe zj-zl" ^t^s] ^0.5. oj^ol^l^ 5);^ ^^7)- ^^^slJi, 

^7] 7112 <S^oll ^-^^^ ^J-71 2)^ ^20)1 ^j-71 ;(lll ^^ol <yA>e> ;g^ol| ^AjSl-^ >^V7) ;^^2l 51^:^ f^, 

^cfls] Sl^:^fi] 5l;g S>^1. n21, 

-8-71 ;»i]3 ^'a^i -8-7] 21^4 ^s-itl ^7l ;Hll ^^^1 "Q,^}^ ^^°1] ^^S^l-fe ^i-7] ;tlli ^, 

^"flsl 5|^^^# ^fe- ^^^2) si^g ^i-^^^i- n31<^lel- t-i- nil, i^l-^ ^s^-i- 'S^'^'l^lfe ^^i^S 51-^ 4i;^K 

I n31 I > I n21 I 
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^T^^ 133. 

^1132%H1 ^ol^i. ^7] ;H12 ^^i^ ^7] sl^i ^^7] s\^i 7.}^(n21)S^ 4^J-(\ B2)^S ■ 

XL. H^V ^oi-7l ;«fl3 <a^°il ^1-71 sl^a ^Sfe >S-7l *l-^(n31)fil- B3).2.S. ^^Sl-Sjo] cl-g- <il 

* t>^^1?lfe ^^^s. 5)-fe ^th 4i;^K 
\ B2 * X 83 
^^Ij- 134. 

^Il29^«fl 9X<^^^, M-i: ^^±S. t}^ ±7.}. 

380 ran < X 1 < 420 nm 
630 nm < \ 2 < 670 nm 
760 nm < \ 3 < 800 nm 
135. 



4^(\ 1)2) ^ll ^€^s-^Elel 01-8-5H ^ll iL:^ 7]^ T^(tl)l- ^Hli 7^ 

^S.S] T^'^ ^J/Hb 7)^^ sjsl-ja, 4^j-(X 2)(\ 1 < X 2)2) ^2 ^^1.2.5.-^Ei2) ;H12 o)-8-5H ^)2 ii:^ 7\ 

* ^^^(t2 > tl)* 7^]2 ^^^^ 7]^ Dfl^oil rflo}- lis] g/s^ 7)^1- sjtj-jl, B)-^j-(X 3) (X 2 < X 3) 

2) ;»113 %^o_s.^B^9] 43 o)-8-sH ^)3 ^S. 71:^-^^1(13 > t2)-l- ^)3 ^^^fi 7l^ ofl^o)) rUsV 

21 711^5 7)3.^ «JS>JI, iE*V ^7l >lll 7l^ cfl^l iflTcl Aj.7) ;^|3 j^:,^^ 7)^ npfldl nfldV ^j^s] ;«)1^3 

^/SE^ 7)^o)l cflsll ■^■i-2] till- ^2.^: °l-§-5f^ ^^"a ^^)°]°), ^)118%\ ^lllQl!-, SE^ ;*1)122%H1 7l7]l^ 



136. 

;»1)I35%>°11 7]m ^^)1- ^^DtV -S-^a ^^21 7)^. ;^sl ^/^fe -g-^j ^ 

4^21 7l]>S!| ^^1. 

137. 



4^J-(X 1)21 ;<11l ^^o.s-^Eiel c>]^^<^ 41 ^^i 7\^ ^^(tl)* 4l ^^JS- 7]^ nfl^ofl nfl^V ^^^^ 

21 ?ll>a ^/SEfe 7l^# 8j5>ii^ 4;a-(x 2)(X 1 < X 2)2) 7ll2 ^^i.$.S.-?-Ei 21 ol-g-sH ><ll2 7l:& 

t2 ^ tl)l- §>^ ^12 ^^^^ 7)^ ufl^oi] cHtb ii2l 7)1^3 ^/S£fe 71^1- 8j5>j7, 2l.;5)-(x 3) (X 2 < X 3)2) 7113 ^ 
^ 0^-¥-El2l ol-8-S><^ ^13 7]^ ^?^(t3 S: t2)# >1|3 ^^il 71^ oDSfloll tfl^ ;gliSl Tfl^^ 

7l^# ^sVfe ^5)oH, • 



^^,^71 :^:^<g ^^1^ ^^7] Till 71S. D||^ iflj^l AJ.7] nfl^ofl cfl^ ;y:a2) 7|l>a ^/SEfe 7]S.6(1 

■^7] ^^<a '^■71 Till ifl^l 7113 :g-^0.S-^El2l 4 ^^01 -f 4S)-fe- ■^•f-2) %S. ^7l 

7]3^ ^7/^ Vfl^l 7ll3 ^S. 7]^ ^^9] ^\C\] 7l0l5>0^ ^^^^ iL^n7] 7]^ ^^^Y 
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^o'-7l 7]^ ^/^]7.y ^%o] ^^S] ^0_S. 5)^ ^^S. 5].^ 4i^t-oH. ^^7] 

^2:<^] >y-7l ^^^.S-^E^s) s].;^(x l)2l ^^o] <yA}e> ;g^6|] >y-7l Tfll ^^^Sl 5) ^ ^ 3) c)) 2^ 

2)^^%=* 5)^^21 S)^^ nl, ^^7] 5)^ ^^ofl A^V7i ^l2 ^^^S-f E^s^ Jzl-;a-(X 2)2) 42 %^°] -y^f 

^1-71 ;H13 E.-I2) 4^j-(x 3)2] ;»113 ^^^l <a4t> ^-fofl ^^m^ "^7] 43 t^s] a^cfls] 2);^^ 

^^^21 Sl^g n3ol2^ t nil, 



I nl I > I n2 I 
I nl I > I n3 I 

^o^7l 1)5] ^^-ofl ^o'-7l ^^^S. 7]^ u^^dl] ^/SE^ 7)^-^ SjSfe cfl ^^oV AV7) cfl^ ^^o^ 

4i^Sl -a-^ 7ll^=^^l- NAl, '^o'-7l 2)2] ^^°l] 2)5fl ^V7) ;^12 7]^ nfl^oll 7]^^ ajsj-fe 

cl] >8-7l till- ^2:2] 4l^j2l -a-^ 7l|^=^^l- NA2, -^-7] 4^(X 3)2] ^^o)] 2]n ^7] 43 7]^ u^4d\] 

^/Sfe 7]^^ SjSl-fe 1^1 lA*!- -S-7] Cfl# ^S2l ^^S] 7B^^1- NA3«>12]- t "J. 



-^1-7] ^Sfe- >^7) Till %^S] nl^y 5l^^# >S-7] ;»lll 7]^ oll^oll t|l^ ^^3^ yi^Ag ^/5c^ 713.^ sjgj. 

7l ^n. -a- 71 7ll^^(NAl) ^ofl^i °<J:£«> ^-a* ^^^^l-S^ ^J-7] ^^^H 7]^ 011^1)21 7]^^ ^J^t 
T >a-7l ;*I12 ^^-2] n2*l- ^7] 42 7]^ Djl*lloll cH*}- ;§ii2] 7li^3 7]^^ «j5l-7l ^Sfl, 

^^7] 7ll^^(NA2) vfloflA^ ^>^^S1-E^ >S-7l ;*|]2 ^^fi 7]^ TTll^s] 7]^.^ >a-°l] ^J^t ^ Sa^l, 

-^■71 ;«l]3 ^^2] n3^|- 3l^^^ ^V7l ^13 7]^ nll^loll cfleV ^^^.2] T^'S 7m# Sjs}7] ^Sfl, -^■7] 7)1 

-?^(NA3) ^fl'Hl^l ^-ysys^ 'i)-7l ;H]3 7]^ ^^42] 7]^^ -^H) t Sife ^# ^ 



138. 

^ll37«j-o11 Sl'H'^i. "^7] ^^7} B), 'S-71 ^]-^(nl)S. ^^^S]ol ^x\c^ ^-^ ^V^Al^l 

300 nm < X B < 500 nm 
139. 

^1137%M1 SX^'^]. ^1-7] 5)^^ ^^7)- 34^(X B), 'S-71 ^]-^(nl)S ^=^^s\o] ^AHl^ 4^ <ii^ -a-^A]?! 
5i* ^^^S S]-^ ^^]. 

380 nm < X 1 < 420 ran 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 nm 
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340 nm < A. B < 440 niD 

I nl I =2 

I n2 I =1 

I n3 I =1 
^=f-^^ 140. 

350 nm < X B < 420 nm 
^T^lj- 141. 

.'I|137%<^1 Xlol^^i ^7] ^2:71- B). ^^7] ^V=^(nl)S. ^2iS^S]cH ^.^ ^A)ol)^ cj.^ ij^ tV^A]?! 

380 nm < A. 1 < 420 nm 
630 nm < X 2 < 670 nm 
760 nm < X 3 < 800 nm 
400 nm < X B < 430 nm 

I nl I =6 

I n2 I =4 

I n3 I = 3 
142. 

;fli4i^<Hi 9Xo]Ai ^^ sffe 

405 nm < X B < 425 nm 
143. 

^1137l!-oll S^<HA^, -^-71 2)^4 ^Sfe B), -a- 7] Sl^ *V^(nl)S ^^^sl<H Sife ^-"-Hl. c)-g- -il^ ^V#Al7l 

380 nm < X 1 < 420 nm 
630 nm < X 2 < 670 nm 
760 nm < X 3 < 800 nm 
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390 nm < X B < 420 nm 

I nl I =8 

I n2 I = 5 

I n3 I =4 
^T^^ 144. 

^143^01] no]^], ^# -t^AS Sj-fe- %^<^ ^5). 

395 nm < X B < 415 nm 
145. 

^1137%H1 Si^l^i, ^ch7l Clll- ^Sfe ^^i^ Cfll- ^^0)0), .^V7] ^^4^ ^2.9\ %^ ^^7) ^41- 

^^Dl46. 

^145*<=fl -a-?] ^Sfe '8-ofl 5J# ^^o^ 

147. 

^1145*<'il 9X^^^, ^7] ^sfe aj^^ ^^oi) ^A^jg 5j.g. o.^. s^^o^ :^^]_ 
^T^^ 148. 

^]145%H1 Si<H^i, ^7) 4^;^!-^ ^^7] cfli- ^2:54 <y^7l- s\o] Ea}?j ^f-s]^ ^j^g- -s-^jj-^s. t}^ %^ 
^T^^ 149. 

>8l37^<fl 91^^^, '^7) SI^ ^^7] ^sSf «y^s. ^^^S) J2, ^7] "^7]-^^: ^2,9] % 

^ ii^-^fii 171)31.^^^ -sh^fl ^-i- -^^.^s. ^a-^^^ 

150. 

;«jll37*o|l Si-H^^l, ^^71 7)1^^(NA1 vflx) NA3)^. 
NAl > NA2 > NA3 

2)- NA2a^ NA32i 711^ 4^ ^"a;* ^fe 5J* ^^S^S. sj-fe ^^<g ^S]. 
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^1150«J-oll al'H'^i, ^71 7fl^ 4^ -^7] till- ^ssl- <y^7l- s\o] ^f-S)fe 51^ ^^-2.5. 51-^ 

152. 



^1150^<^ Si«^><-i, ^7] 7fl^ ;»flSLV ^ijf^ >^>7l 7l^ ^9||^V -^^ail ^<a^> ±^}o]^. ^^7] rfll- 

^ ^^7l -^o^^ 7ll^^(NA2 ifl^l NA1)°11 nfl-§-5>^ ^ch7] 7fl^ 4^ ^^9] -f AV7) s^^^x 2) el >^ 

^c'-7l ;«112 ^^£L 71^ "Ml^ 7)s.^ 'g-oll o^olA-] 3).^ =^.^}.7). 0.07 \ 2Jicf e -y-Eflo] s.;^} o.^ 



^T^^ 153. 

^1152^<»11 9X^^], 2)21 ^o'-7l 7fl^=r(NAl) ^oflA^ av?] ;Hl2 ^^^2t 7)^ ofl^nsl 7]^^ -y- 

«fl Si'H'"'! 4sa 0.20 \ 2a. c|- -a A^t\]o] -B.;^ 5)-^ ^^a<a ^^1. 

^T^D- 154. 

^|1521^o|) 5a<H^i, ^7) CHI- ^B,^ ^7] -5^# 7ll^^(NA3 ^fl^l NAl)oll tfl-g-SFfe ^7] 7ll^ ^^a-sl <^^# 
^J-71 7ll^^(NAl) ^-^W ^1-71 ;»113 7]^ uflsflsl 7)^^ ^oi) o^ojAi T^*F7f 0.07 \ 

^^I}- 155. 

>lll54*<fl 9X^^], ^71 4^(X 3)21 ^J-71 7ll^^(NAl) tflofl^H '^>7] ;ii|3 ^^jil 7)^ ofl^sl 7]^ 

S ^°il ^o]^] 4^ T^^f7l- 0.20 X ^ Aj-Eflo] o.^ g].^ ^^.y 

^T^^ 156. 

;<11l50^oll SJi'^^]. ^J-71 7l|^ ^^7] nfl# ^Z:2) AJ.7I 7ll^^(NA2 tflx] NA1)°I1 cfl-f-s}^ ^V7l 7i]iji 

T^^i-21 <g^o)l ojA^sf^ Aj.71 2)2) S^SH, '^■71 cH* ^^2) >^7l 7ll^^(NA2 NA 

1)«H1 tfl-g-Sl-fe 'S-71 711^ ^^3:21 9m<^ ^7] 4^J-(X 2)21 ^7] ;H|2 ^^JM. 7]^ v^s^is] 

7m^ -^-4^1 S^sF^l Sl-fe- 7)-^^ S.^ g).^ ^:^<g 

^T^^ 157. 

;^1156^H1 SXo]A^, ^^7] 711^ ^V7l cfll- ^^2) AV7) 7l)^=^(NA2 ^^1 NA1)°)1 H1-§-Sl-fe ^^'•71 7ll^ 

^Itb ^^2) <S«oi] ojAfs}^ 4;g-(x 1)2) ^^loll, 'a-7) CHI- ^S2) ^7] 7))^^(NA2 ifl^^l N 

Ai)<^ '^^3^fe• ^^71 7fl^ ^^2) <g^6(i <gA>s>fe 4;a-(x 2)21 ^-^^ 7i}^t}^ 4^ ^si^y* a-fe 

^SSl-fe ^^^^ ^5). 
158. 

^1150%H1 Sl<H^i, ^o^7l 7lli^ ^1^^ a^V71 i^l" ^a^^e) AV7) 7fl^^(NA3 Ml;^) NA1)°)1 c))-g-§ffe >ij-7) 7))^ 
^ItV ^'^■2) <g^oll <yAf5>fe Aj.7) 3l.;g.(x 3)2) ^}^t\<:^, >^7] cfl# ^^2) A^7l 7ll^^(NA3 Ml^^l NA 

1)«^ 'fl-S■«^fe• ^71 7||'^ ;«))^ ^ia-21 °i<^o\] ^7] 4^(x 3)2) ^t^o] >5j-7l 71)3 7)^ oflaflsl ;§M 
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^l^i]-159. 

^1158%H1 Sl^^l ^o^7| 7fl^ cHl- r^^o] ^^7] -a-^ 7l)^^(NA3 ^^1 NA1)<^1 tii\^t}^ 1,^7] 7l)^ 

^^a-s) <a4*l-fe 1)2] till- ^sal 7fl^4^(NA3 Lfl^l N 

A1)'>11 t^^t}^ ^^7] 7]]^ ;»ilt> ^la-s] 9m<^] <yAVs].fe. al.;8.(x 3)Sl ^^-l- ^.yr^t}^ -^^^i: 

^1156%H1 Xl<=H^i, ^o^7l 711^ 4^ ^7] cfll- ^d\] ^Aj^ /^i^ ^E^o] S.;^1 O.^. 5)-^ 

^T^D- 161. 



2] ^11^ 71^1- sjSfH, 4^J-(\ 2) (A. < X 2)2) ;tfl2 ^^^S-f-ElSl oJ^sH ^l2 7)^ ^^(t 

2 > tl)* ^fe ^12 71^ oll^oii tflev ;g:a2l ^/ffife- 7]^^ ajsj-n, 3)(X 2 < X 3)2) ;«1l3 % 

^±S.^B]5] ol^sH ^13 7l^ T-'ll(t3 > t2)* ?J-fe ^3 ^^il 7]^. oll^oll ifl^ ^/SE 



^7) 7)^ ofl^ >JJ-7l ;»)]3 7]^ nflsfloil cfl^V l^jjisj tB^^ 7l^oll cflgfl 17l|S) ^a^O. 

^7] aji 7]^ f-MI i-fl^l xfls tiJ: 71^ ^^12) 7lo)5H ^^t)-^ ^•'3 ^*V* .a^sM 7]^ ^^^^1- 
^T^«ch 162. 

^161^«>l| ^o]-^], -^7] ^€ Ml^^l ^3 ^^.^S-¥-Ei2) 4 ^^o] - -f -^f-S) ^S.o|l Aj-7] 7)^ - ^^1. 

^T^^ 163. 

^T^^ 164. 

^Il61^°il 9Xo]-^], ^^71 7139-^^^1- ^la-'S: ^'■71 ;«fl2 ^^AS-^-E-jfi) ^^-lH •§ ^sj-n, 5Ee)- ^7) ;»fli 

^ ^^7] ;»||3 ^«o.s-¥-Ei2] ^^^^] ^fe Hll^m ^11 7]^ ^^O^V Ji^g ^^a-sj-, ^J-71 ;»113 %^^S.^ 

E-is) ^^-il-ol -f 2l-5>Jl, iE*> -^-71 ^€ ^ -^-71 ;t1l2 ^^.o^a-Ejo^ -f sj-^l-^l ^fe ^S.<>11 hB^I^ ;(1|2 7] 

^t"^ 165. 



;»l|l61^<fl SU'H'^I. -S-?! m ^^£L 7]^ 01171 >«j-7l ;«il3 7]^ o||^o|) cfl^V ;8is) 7l^# «J 

S^fe c-ll -^-71 ifl-l- ^2:2) i;gs) -^^ 7fl^=^^S z)-z)-NAl. NA2. NA3olel- ^^7] ^^s] 
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1), ^'•^i A\2 3S^^{\ 2), ^^7] A]Z 2l.;^J-(\ 3). 4'-7l A\ ^^(tl), ^^y] A2 ^S. 7)^ 

(t2), 4'-7l ^13 ^S. 7m ^^l(t3) °A ^as) ib^si 7I|^^(NA1. NA2. NA3)7l- ^% <i)* -S^a] 

350 nm < A. 1 < 550 nm 
600 nm < X 2 < 700 nm 
700 nm < \ 3 < 850 nm 
0.0 Dun ^ tl < 0.3 HID 
0.5 mm < t2 < 0.7 nm 
1.0 mm < t3 < 1.3 mm 
0.99 > NAl 2: 0.80 
0.80 > NA2 > 0.55 
0.55 > NA3 S 0.40 
^t'^J- 166. 

^1165«J-°11 Si<H^i, ^ae] ^7] i^%{K l)oil o^olA^o^ Tl&ll- fi(„ffl,), ^^l* ci(m), ^^7] cfll- 

^aoll <aAV5l-fe -^^71 1)21 <j) l(nun), -^-7) 7l^ nflSfloi) cflS}. ;gji2l 7))A3 ^/£Efe 71^. 

# *Jsfe ;g^fi1 ^as^ 71 fB3{mm)ole1- nfl, c^-.!- "J-^a]?]^ ^^^S 

0.7 < d/fl < 1.5 
2.8 < $ 1 < 5.8 
fflS > 0.2 
167. 

^1165^H1 5i<H'^i, 7] A]2 7]^ v^m] D?!- ;«11A| ^/5C^ 7|S^ sjs].^ ^i^S^ ;g 

- 1 < m3 < 0 . 
^T^D-168. 

;Hll65%l-°ll Sio^Ai, A^V7| 7]^ Dfl^ol) tfler!. ;^iLS] ^flA^ ^/se^ 7]^% ^Sfe -i)-7l tfll- f^2,^ ^ 

- 1 < m2 < 0 
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169. 

^1161«^<H] Si'H'^i -^^7) cfl# Sal-^ej ^^^^ ^^^.^ sf^ ^^"^ ^^1. 

^t'D: 170. 

>«1|161*^ Si<H>^i, ^7] till- ^2,^. .^E] 711^5. ^-y^ 5l-fe ^^'a ^ch^l. 

171. 

^161<8-<^l 5U'H'^1, '8-7] 7l^f-^11*l- il^g ^iJl-^ *4J^!^?! ^T^S] ^O.^. olf-oj^^lfe Sl^ ^2:7} f§^j^ ^o]s. 1 

71121 S\^^^ ^jl, >a-7l Sl^d ^Sfe ^^2) 2l-^J-<^l 7J Wj-«J:O.S. ^g-fofl, ^^).7f *!}■ 

^8= ^Sl-sfe ^^l- s-A^^- 5l-fe ^d-ii). 

^^IJ- 172. 

^1171%H] Si^l^i. ^cl-71 ^5^^ Aj-7| cfll- €2^2) ^C^£ I7|ifi1 Aj-ofl ^A^^ ^ S.;jJ O.5. ^^<y 

^T^«d-173. 

;<fll61%Hl Sl'H'^i. ^o'-7l 71:^- ^^^V yJ-^tAS. ^o]^VO.s>W)^ ^V7] cfl^. ^2:0)] ^Aj-^j.^ :g-^fii ^> 

n %^dS] ^AfZt* ^ Sife aj<HS. 17112] 71-g- ^Z}Si:^, ^7] 7}^ ^7.}^ ^1^0_S. ^o]X\y>] 

71 ^-g- ^-a-^ ^alsm o.^ Sffe ^^"S ^^1. 

^T^^ch 174. 

>«1|161*«>il Sl<>lAi, ^7] 7l^!-.^?1|^l- ^e>]£ i7fl2] §i y}^ ;<11S.## ^^^1 Sfe- ffife- 

^n[^^ 175. 



^161^<H1 9Xo]^], ^71 7is Dll^ol) ;gti.sl ;(flAj ^/«E^ 7]^^ *J*1-^ ^^7] r3H^'^2.s] nfl 

ml. ^7l ;H12 7]^ Dll^loil 7^iio] sj§^^ ;g 0.0^ ;j).7i tflf. ^2:2] Bll^^ rn2, 

-^•71 43 7]^ u^MM ^^as] 7]^^ sjsfe 21 AV7I cfli- ?1^2) :i^v n,3o)e^ 511^ 

nil, ^'■71 ml, m2. mS ^ ^o]S. 27fl2l ^aj. afl^oj q.H.7)] ^^7] 4l S.^ 7]^ ifl^l ;»fl3 7] 

^ ^7021 7lo]s|.fe 3i;gsl.^ ^'S^S. sl-fe ^^-a ^Sl. 



^T^«d- 176. 

^1161%H1 ^7l 4l 7l^ Dfl^lofl ;§^e] 71)^3 71^-i- 8j5]-fe cfl ^^ev .^V?] cfl^ ^2:21 

4i^j2] 7ll^=^(NAl)7^ 0.8 "^l^i-oH, 

'iJ-71 ;Hll ^S. 7l3@- ^711 m^l ;^13 7)^ ^^fl >a-7l ;»lll .fiJ: 71^ ^^^1- S.^^^ ^o]S. l7])2l 7l# 
s) -f 3l-5>fe- ^s. f'<>ll Sfe AS s}^ 
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^T^^ 177. 

fe- t^*1-1 ^J-71 7)^ iL^V JSL^ 4^^6.5. :a.^js}fe B-^ s].^ :^:^<y 
^T^«J-178. 

^=f-^ 179. 

^1176%°11 Si^H^L ^o'-7l 41 %^ °A ^c!-7l ;tl]2 ^^o.5.«.Ele] ^ %^o] ^-aJo)) -f SE^V 'i,V7) ^l3 ^^^S-?- 

o| f-sl-Sf^l -7^1 iisV ^^ci-i- Bll^lt!: ^^^S. Sffe ^s|<a 

^T^i)- 180. 

;fll76%i-°n Si<H>^i, ^71 ^^^s-f-E^sl %^^^o] -f £^ >S-7l ;<112 ^« 5J ^7) ;(il3 ^^^S^Eis] ^ 

^-a- -f 4^^! ^s<fl -8-71 7]^ iL^v ^la* unsi^ ^j-^i. 

•^T^IhlSl. 

176%H] SlcH^i ^1-71 71# v^^±S. ^c,]^±s.^, ^^7] tfll- ^laoll -y^g].^ ^cH£ 4V 

7i 4^j-(x 1) t!-7i) -^^d?] ^^^1^ ^ xife ^o^s i7fl2] 7}^ %^ ±7^sit, >3-7i 7i-i- %n ±7.m 

^T^lj- 182. 

;<fll81^°ll ^<H'^1, ^o'-7l 7l^ iL*V il^^ ^la-^ ^7l ^^±S.^B]^ i3-#2l ^-tVzl-* ^^'"'l^l 
^T^^ 183. 

;«fll81^Hl Sl<H-^i ^1-71 7)^ ^^fl ^r^^ ^<^s. 1711 al ajc>]£ I7llfil -^^a^^s ^-^^sjji, 

^ ^7) -^-iaSL^ 2j<H£ I7l)fi) ^2.^0] ^7] 71-i- 4i;^l-ol 5l* ^^-^^ *>fe ^^"9 ^^^1. 
^T^«d- 184. 

^176^011 Si'H'^i, ^o'-7l 7)^ ^^1] iLSf iL;g ^o]^ 17112] 71-^ 4S.%-S: ^Jl, ^l^d- ^f^J- 

5Efe- "8* ?l7h^0.s.«| AJ.7) 7|.^ 7flSf^2| ^il- ^Sl-A]?)^ 71-^ 4i;^l-fil-, £ 

;^>^J- Sfe 11- ?l7l-5>7l ^1 ?17)- ^IcJ-* ^alB:>fe ^^^S. Sl-fe- ^ ^^1. 

185. 
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^1184^011 9X<^^^, 7l:a- iL^i A]s. tfl^sV^ f-"^ '^l-^l'^l ^^1 «fl^l€ "-^^^^4 ^^11- ^ 

£ 1711 2) ^i^ ?l7^^<>l] ^^01] SI 811 4i^2l ^o}-^ 7l-^V O.^**) , aJ-?] oJ{;g^2^ ^^^^ ^^s. ^Sj-A]^ ^ 

^T^^ 186. 

;«fll61%oil 5a«H><-1. ^71 4i fsQs] 3^^(K 1)0) 550 nmJicl- #2. 

-8-71 Lfl:^! ;(113 f', ^o'-7l 4l S.^^}^ Pfls] ^^.o] sl-^j- ^S^ofl 7lol5l-ir -^-71 

^T^^ 187. 

^186%°11 9X<^^t 1J-71 ;»il3 ^-%l^s.^E-ifi1 4 ^^o) je.^- f-3!).5l-fe- -sf-si ;g-so|) Aj.71 aj]^s)- a.^ 

^=f-^ 188. 

;«fll86^ofl 9X0]^], 1^71 ;Hll ^« ?| -ih?! ;Hl2 ^«^S.-¥-Eis1 ^#0] .^aH ^^Sj-Jl, ^7] ;Hl3 ja-«6.s^Ei 
^T^^ 189. 

^1187%H1 SXo]^]. ^o'-7) -i-^J^^Sl ^^0) ^o..g. ol^ol;:^!^ 5l^^ ^27)- ^-y^ 5l^i^# 

271131 ±Z}7} ^^7] Sl^^# A^S cflH^sl-S^ e^5>^ «ll^l^i ^2* ^J-Jl. ^o^7l 27llal ±7.}S] ^fl^fe -^"71 

j^^(x 1) eD-s] 4:5)- 'g^.iiiA-i ±^s\ Sfe f-AHi, >^7i 27BS1 ^«}- ;<iis.?l ^^-71 2) ^1}- 

^T^^ 190. 



^Il87^°i] il<=H^1, -^7) -i^^^-AV li^g ^^a^ ^4]€^Sl ^^21 ^ o|^ol;^l^ T^S* ^Jl, ^^7] S\^i =f-3, 

<^ ^71 :^«O.S.YE-lSl JS^^Q, l)Sl >lli ^^o] ojA).eV ;g^61) ^VA^SI-^ ^7] ^^21 5l^^ ^tflsl 31 
51^^21 2]^ ^l-^l- ni, 'S-71 Sl^ ^3:<^1 ;^112 ^^^.S^E^e] 2l.;g-(x 2)2l ;ill2 ^#^1 9^^}^ 
Tg^d^ ^A^Sl-^ A^7] ;n]2 ^^fil ^cflol Sl^:^^^ 51^^21 5l^ ^V^f- n2. ^7l ^2^d\] 

71 >I13 ^^.^^.^Elsl 3)21 ;il|3 %^o] ^AVf}. ;g^oll ^^Jjsl-fe >iJ-7l ;»113 f-, Slcflsl s\^A%^ 

% S)^^2l %\^^ n3ol2l- 1 "^l, 



I nl I > I n2 I 

I nl I > I n2 I ^ I n3 I 

# °J-^^l?lfe -^^ o-s sVfe ^si-y 

^T^«J- 191. 
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192. 
^T^^J- 193. 

^182^011 ^o]^, -a-?) -i^^^Sj- Ji.;^ ^J^^ 4^2] ^0.5. 0)^01:^1^ s]^ ^2:7> tg^j^ ^o^e i^fls) 

4)bi = nl • (bz, -1112+ b4, • hl^ + be, • hl^ + ) 

ol) 2^811 ^iS]S]^ %V^S. M-E^-lflfe ^-?-°ll[<>l7|Ai, ni^ ^J-7l Sl^^^S] 5) ^2:Oll ^^-.71 Bl-^J-(X 1)2] 

■a^ftl- -"^^^ll ^^.^Sffe D-7] 3^^j-(X 1)2) 2)^:^ #2)1^2) 2l^^^# 2|^^2] 2]^ ^l"^, hlfe 

^S.-¥-E-lsl ^o](ja»), b2, , b4, , be, , - 2^K 4^K 6^K -21 ^^^1- 3-3^(51^^ n'T^:3.S. ^)-3], 

PD = S (-2 • nl • b2,) 

oil 2]S11 ^^alSjfe ^2:^21 4^(imi-' )7l- Cl..g- <i]^ °V#Al7lfe ^JA o.^. g);^ ^^<g 
1.50 X 10 -2 < PD < 15.0 X 10 -2 
194. 

V dP > 55 

V dN < 35 
^T^^ 195. 

^>I121 2.^ ^1^)21 A fBoBJ -H CA 7)- Cl-g- il# ^>^A]?lfe ^J^ ^^±S. Sffe ^^-^ ^S]. 

I Af^)Bj+CA -NAl^ I < 0.15 (m) 
^T^ij- 196. 

;«lll61^<fl 91^^^, -8-71 ;«lli 7]^ dDsii ^7] ^7] m 7]^ u||^6)i c|)^ ;g:a.2i ^fl^S 7]S.^ *J 

S^Ffe cfl lAtV -871 cH^ €2:21 i5i^2l 7ll^^# 2^4 NAl. NA2, NA3ole:h nfl, 

NAl > NA2 > NA3 

* 'L>#'^l7)J2, '8-71 NA14 NA221- NA321 7fl^ ^"S* ^^Isl-fe ^1- ^^AS t}^ ^^<g ^J-^1. 
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^n^^ 197. 



^196*<fl ^71 7l|^ ^^m^ ^^2] ol^ol^lfe 5]^ ^271- ^>a€ ^<H£ 1711 

S\^^-t ^32, ;t]l2 ^^^a. 7]^ Dfl^oll cfl*!- ;^jti2l ^fl^^ ^/SE^ 71^-i: SJS]-^ ;^-fo)l AVy] nfll- ^321 

^ 7ll^=^-(NA2 NAl)oll Efl-g-sffe >y-7l 7fl^ m/^^ ^^s] <g^^ 2)2] f-sllol 

sf^ 51* ^^^^ ^^-a 



^T^D- 198. 

>0197%1-<H| 5ao1>^i. ^7] 7ll^ 4^/^% clll- 9X^^^. ^7] -y-^ 7l)^-^(NAl)2l- -^-71 p^] 

2&3i7]^ ^^(t2) 54 ^1-71 42 ^€2] 2) 21- el 9Xo]^]s] 4^ ^^l-7> 0.07 \ 2 rms.acl- HjI, 

-^-71 7ll^^(NAl)2)- ^^-71 ;(113 ^S. 7l3a- ^^l(t3)2l- '^'■71 >|]3 ^^21 3)42] Si<H'^i2] B^^ 

■=r^l-7f 0.07 K 3 rms^cl- s.;^ o.^ g).^ 

^T^D- 199. 



^fll96%Hl Sl-H-^i. ^J-71 71)^ ;«flt>/^^ ^la-'S- ^oM ;«ll2 ^^^M. 7]^ ofl^ioii c))dV ;y:a2] 7il>a ^/^^ 7]^^ *j5r>^ 

^-f<Hl, •*^7l Cfll- ^2:2) 7ll^4^(NA2) Cfl*5-fe '^•71 7fl^ ;Hl*V/^$ 4^'a-2l ^^^t}^ 2) 

2] ^^Hl, ^i-?] ?1S21 7fl^^(NA2 Ml^l NAl)oll nfl-g-s)-^ ^^7] 7ll^ ^llV^^ ^^e) 

* ^-fofl, D-71 cfll- ^2:2] 7l|^^(NA3) Mjoll cfl-§-§^fe ^o'-7l 711^ >ll*V^^ ^^S) <g<^o|l <a4«}fe 

3)2] ^^^^ ^^n, ^>7] cHl- ^as) 7l]^^(NA3 tfl^l NA1)°1] ^^-7] 7)]^ 



^T^^ 200. 



^Il99^°il il'H^I, 7] 7H-f- ^^^^a-^ ^^-7] ;«fl2 7l^ Dfl^oil Efl^v ^^^o^ ^/afe 7]^^ sjs}^ 

"^^7] cfll- igSfil 7ll^^(NA2) tflofl tfl-g-g^^ ^7) 7ll^ ^^2] «g«611 «g>^l-Sl-fe 4^(X 2) 

S] 7j-Eo^ 80 % o]^J§, ^AHl, AI.7) cfll- ^^21 7ll^^(NA2 ^^1 NA1)<^1 cfl-g-sf^ ^o^7l 7ll^ 

^<H1 nfl*V ^iLS] 7fl^ 71^* ;3^611, >a-7l till- 5^2:21 7ll^^(NA3) M1<^ tfl-g-sl-fe >^7l 711^ 

^ItV^i^ T^^2] <^«611 <aA>t]-^ 4^J-(X 3)2) 7j£2] 80 % ojAV^ ^4S1-^ ^^]<^]. ^o'-7l cfl# ^^2] Aj-^ 7)] 

■?-^(NA3 ^41^1 NAl)<fl -^■7) 711^ -^1^:21 "S^oll 4^(X 3)2] 7j-s.o^ 80 % oj-S" 



^7'*J-201. 
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^HlSU, ^^7] 2^«H£ ^0^7] cfll- ^SSI 7ll^4^(NA2 Ml^l NAl)<fl cfl-i-tl-fe 

cfll- ^ssl A^v^ 7fl^^(NA2) cH-g-sffe <a^-^S. g-ts]<H Sin. 4>7l ^^oil ^<a-^ o]7).5>o^ ^^7] oJ!;g 

^i^^l <^^^ -f S^srffe ^^2] ^^7] cfll- ^^2] Aj-^ 7ll^^(NA2) cH-g-sfe ^o'-7l 

^^o| <g«^ -fSl-syfe ^^2] =-^^0.5. 5I0I 7V^§U. ^/Efe ^7] ^1 # 

£ ^o] ^V7i cHi- Aj.^ 7fl^^(NA3 Ml^l NA1)<^1 cfl-S-sm 'S^sf, ^^7] cfll- ^asl 7ll^^(NA3) 

Mloll cH-g-sVfe ^tSlH Aj-71 ^i^oll ^1^0-^ ?l7l-5H ^c,'-7l °-^^^2] oJj;g ^p^} ^i^ ^^^M. 

^^S. o.s>M|, ^^7] till- iiss] 7ll^^(NA3 ifl^l NAl)oil cfl-g-Sl-fe ^7) f-'g :a^s) «^<^:i: f-sj-sl- 

%^S] ^^-a^, ^o'-7l nfll- ^^21 7fl^^(NA3) iflofl tfl-g-sfe ^ol-?! f-'g ?!^fi] ^g^-i- ^2^^}^ :^^fi] ^ 



203. 



;^ll96^ofl 9X<>]^, '^'•71 711^ ^^-e- ^'•71 cfll- ^lasl 7ll^^(NAm NA2)°11 trfl-g-e}- 2iB]7m S-H, 

^^jri 7]^ oflSfl AJ.7I ;^12 ^;gti aH^ld] cfleV ^flAj ^/5E^ 7)^1- sJS]-^ ;g-fo)) z]-z|-o] 2:E] 

7lH- 7l7llaj ^$5f£^ ^^^S^ Jl, A^V7] tflf- igSSl 7fl^^(NA13l- NA3)oi] Cfl-g-*^ 2:S|7fll- 

^7] ;(fli 71^. Dflsii £fe >5,v7l ;»il3 ^^Ji 7]^ ofl^oi) cfltf- ^iis] ;<B>a 7l^# ^sj-fe ;g-f6ii 443] 



^T^^ 206. 



^161^<^1 9X^^, ^7] till- igafe. >a-7l 7il^^(NAl)S|- '5)-7l 41 7]^ ^^(tl)^)- -^7] ;*fli %^9] 

(\ $Xo]^] ^^f7f 3l4i7l- ^7.y ^1-71 ;Hl2 71S. nH^oil nfl^V ;gii2l 7)1^5 

7]^-6r «35ffe '^'■71 42 7)^ ^^^flSl- Aj.71 7l^ ^^2l-2l ^^2l AHl 7lo]SM ^2^51" 

4^*H- ^71 71^ ^^^1- ^^±s. Ji^^ei-fe f-Aiofl, .^1-71 ;«i]3 7]^ nfl^joii ;g:a.2l ^/ 

SE^ 71-^* SJS]-^ ^^o)l, Aj7) ;^13 71^ -;r^l<4 AV7] j _aJ: 7l^ ^^S^^^ ^^S] ^fofl 7]0]g|.0^ 



207. 

;«1|161^<H| ^^7] 4\ iflx) 43 f' ^<H£ 27flsl -B-^s^^ O-S. t}^ ^7]. 

^^«<j-208. 
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711^ ^iM^ f-, ^o]s. 2711^ ''im^ 5i* ^^^s. t}^ 

;«l|l61^ofl 7l?)l^ ^Sl<a 5).^ Sl.>^o| uj/^^ ^/^^ ^ 

^21- 

^^ii 7]^ D||ai|oi] tflsi- Tll^ g/Hfe 7l3-^ «jS|-7] ^t!- ^^^-y ^5iioii si^H^i 

^II 7\^ ofl^ofl cflet- ^^s] 7)^^ dj5l-7| ^ev ^^-fr ^^^i^Ffe- ^^3^, 

^12 ^^^il 7)^ Dflsflofl tn^ ;gii2] 7l^# sj5>7] ^1?^ ^^(X 2)(X 2 > A. 1)21 ^^^^ 4 

2 ^€4, 

^13 ^^jiL 7)^ oll^ol] tn^ ;giifi) 71^.^ ej3}7l 3l-^J-(X 3)(X 3 > X 2)2] ^>9Sl-fe 

3 ^^4, 

'U^}^'^ tfl«ll i;goi ^^fi^ 5|^^# ^"^^s^, 

-^7) B|-^j-(X 1)21 %^ ^ t^^ O]^^ ^}^S\ ^^%9] S\^%^^^-S. €■ ^^ol], 

^J-71 2)2) ^^o) -f ^^m^ nZ^} S\^^3] 5l^^%=ol, 

^7) :^^(X 2)21 -f cf# o]^^ xV^sl ^^a^sl ^^^^JiLcl-S 311. 

-^7) a^:a-(X 3)2] ^^o] >y-7l 51^-^1- -f 2l-tAS.-«i n3*l- Sj^^tfil s\^%^o], 

-5^71 14^(X 3)21 f' nl^ oltEl^ *1-^21 S\^%^ ^^^^iltl-E 3J2, 

HtK 7] *)-=^(nl ^^1 n3)fe cl-g- ^V#Al7lfe 51^ ^^A^ SF^ ^^-^ 

I n2 I = INT(X 1 • I nl I /X 2) 

I nS I = INT(X 1 • I nl I /X 3) 

I nl I = I n2 I ^ I n3 I 

^, nl^ 0, ± 1 012131 ^^S., INT(X 1 • I nl I /X 2)fe X 1 • | nl | /X 2* ^-l-^Sl-ol <a7ll Sife ^^o] ji, jnt 
(XI- I nl I /X 3)fe X 1 • I nl I /X 3^ ^V^-^sH "StU Slfe ^^olcf. 
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^1210%H1 SJ,o]^■], cf-g- ^1- 5J# ^^^S. sl-fe ^^1. 

I INT(\ 1 • I nl I /X 2) - (\ 1 • I nl I /X 2) I < 0.4 

I INT(\ 1 • I nl I /X 3) - (X 1 • I nl I /X 3) I < 0.4 

^T-^ 212. 



>^1210%H1 Si-^A^, ^o^7) ^j^ ^«^7il^ ^1-71 ;Hll ^^^a. 7]^ nfl^oi] Clio} ^^.ae] 7)1^5 71^-i- sJSM ^jeV aj- 

»^±S.^] nl*l- ^^^^-i- ;Hll 7]^ oil ^121 7]^^ ^J^^Vn, ^J-7| ;H]2 ^^^^ 7]^ nj^ofl 

cfl^V ^/£Efe 7l^# «Jg1-7| ^«cl-^S.Ai Aj.7i n2*]. Sl^^^ >5)-7) ;*||2 7]^- olj^o] ;g_5i y]^ 

^ ^'■oil ^J^sVil. ^oi-?! ;»1|3 7]^ oe^oi) nflev ^^^o^ 7^i^S ^/^^ 7mi- sj5}7l ^"a-^S-Ai >^7l n3*l- 

^^7] 43 ^^S. 7\^ D|)^2] 71^-3 -a-*^] ^^Sffe 5J-g- -B-^l ^:^<>i ^S]. 



^^^213. 

;^210^°il $iX^^^, ^7] ^2:Oll i)o^ oj^]. :^^o^ J ,^ (X 1), ^7] Ijn (X 1) S) 

^* ^J-7| 2l-^(X 1)2| <yA|. %^o] ^7] s\^i ^2:1- .f4t> ^^2l 1 ^ltt (X 1), >^o^7| S\^i 

^^ol] ^A^sl-fe- ^7] Bl-^(X 2)S1 ^^V (X 2), ^j-7| (X 2)2] AV7| 4^(X 2)21 

H %^<'] ^7] -f #4 ^^21 I OUT (A. 2), ^J-7| Sl^i ^2:0)1 ojA>§ffe Aj.7) 2|.;g.(x 3) 

2| ^^-21 I,^ (X 3), ^'■7] IjN (X 3)2| AV7] 4;.^(x 2)9] <U^} %^o] AV7I S)! ^^1- 

lour (.^ l)/IiN (A. 1) > 0.7 
louT ('V 2)/I,N (X 2) > 0.7 
louT 3)/I,N (X 3) > 0.7 
^T^^214. 

^1210^0)1 Sio1'^i.^7l ;»||l ^Ji 7]^ Dll^fe 7l^^2) ^4^#o|| ±^s\ ^7l|(tl)» 4l iL^#-i- 

^^7) ;«i|2 ^a. 7]^ ujj^fe vgji 7m^2l -gAV^^ofl 4i^2) (t2) (t2 S: tl)* ?J-fe^2 a.:§:## Jj-JI, 

^7) ;»||3 =§£L 7]^ oflsfl^ 7)^^21 "y^l-^^oil i^^2| ^^](t3)(t3 > t2)l- ;<l)3 

-^-71 ^«l-7i|^ -^-71 4^j-(X 1)2] ^^o) 51^-^1- f-^t^S^ ^^^aSl-^ ^J-71 nl^I- ^7] ^ 

^f'* 7|^A^ -^7] 7|^ o||^2) 7l^^6|] 0.07 X 1 rms °l5i-2| ^l^sU, 

^o'-7l 4^^(X 2)2] %^<>] ^^7] n^i^M: ^s^t^S.*^ ^J-71 n2^> ^7] ^2 MJ:#^ 713*^^-1 ^7] 

42 ^^£1 7]^ oM]2] ;g£L 7ls.^o|| 0.07 X 2 rms °|5|-2] ^j-EfloilA^ ^J^ffU, 

^J-71 4^J-(X 3)2) ^^o) >^>7l n^i^* -f^t^S**! ^7] n3^1- s\^%^ A^7| ;H13 7]^^^ ^7] 

m 7]^ nj^o) 7|^^ol| 0.07 X 3 rms o^S] ^^sVfe S|-fe- ^^"^ ^^1. 
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^210^<fl Si'H'^i, '^•71 Sl^-f-^ A^7l Cfll- ^^2) ^Vo|l ^A^^ 51-^ ^^-g ^^1. 

;fl210l^<^ 7|7))Ja -^^'-2.5. SFfe ^/5Efe Sj-'^-s] 7)-^ ^j-^] ^/Sfe -g-^^ S|- 

-8-21 m =8-^1. 

^7*J-218. 

3j-«^S-*^Ei2] l)S] ol-g-SH ^11 71^ DflSfloll tflt!- ^JiSl 7fl>a 7)3.^ SjsU. 

>fl2 ^^-S-S-^Eisl s^^Q, 2)(\ 2 >X 1)2] ^^1- ;H12 ^^a. 7]^ ofl^on tflt^ ^^2] Jfl^ ^/J£fe- 7) 

;»fl3 %€^S-¥-Elfi1 3l-^(A. 3)(X 3 >X 2)2] o)*g>o^ ;Hl2 ^^»± 7)^ nUaflol] tfl^ ;§:a.2l 7] 

*JSffe ^^"3 ^^1-8- %^ 

-8^7) <'^^%^] m ^).=^^2) ^^m^ iJ-Ja, 

^cl-71 l)S\ ^^o] ^^7] Sl^-?-* -f-sl-t^S**! ^>as>fenl*V S]^^2l SI^^^o], 

^7l l)Sl f' cf^'o^n]^ %y^s] 5|^^sl ^^^%=iit:1-H ;g-foil, 

^^71 .2^^(X 2)2] ^t^o] .a-7) 5)^-^l- ^^3S>^ n2*f Sl^^a) ^^%^o]^ 

'i^7l 2)2) # <Htt-|^ s>^2i ^^^s] ^^^^lici-S H2, 

^7] 3)2] ^^o] >i^7) ^^-^-l- ■fsl.^^S.'M) ^>9*l-fen3*V S]^^2] Sl^^^oj, 

^7) 3)2] # C]^ <HlEl^ SV^2] ^^^S] S^^^^M-tyS. 3.JI, 

2)^ *V^(nl Ml^l n3)fe- 4# ^>^^l?lfe -^^'^^ sffe 
I n2 I = INT(X 1 • I nl I A. 2) 
I n3 I = INT(X 1 • I nl I /X 3) 
I nl I > = I n2 I ^ I n3 I 

^, nl^ 0, i 1 olal2] INT(X 1 • | nl | /X 2)fe- X 1 • | nl | /X 21- ^-ir^Sj-o] <g7fl s)^ ^g^ojn, jnt 

(XI- I nl I /X 3)fe XI- I nl I /X 3^ 1V-S:^S]-<H ^7ll ^fe ^^^jc]-. 
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m\8^M xioi^i, ^-i: 5i* ^^^s. ^^ m ±7.}. 

I INT(X 1 • I nl I /X 2) - INT(X 1 • | nl | /X 2) | < 0.4 
I INT{X 1 • I nl I /X 3) - INT(X 1 • | nl I /X 3) I < 0.4 
^T^i)- 220. 

^l218%>-<^ Si^H^^i, ^^7] 5l^-¥-°fl ^^-71 4^(X 1)3) ^^S] (X 1), Tin (X 1)3] ^^^^ jl-fe 

^ch7l 4^(x 1)21 %^-o] ^^7] si^-¥-» -f^t-^s.**! 4'-7l nl^V si^^si S|^^^^# louT (X 1). 41-71 5| 

^.^'Hl 'U^}^}^ ^^7) 3ll-;a-(X 2)21 ^^21 (X 2), ^7l (X 2)21 ^7] 4^(\ 2)2l ^#o) 

^7l 5l^-¥-l- -fSl-^-^S.**! l->9sf^ ^J-71 n2^V ^^^21 ^^^%=^ loi^ (X 2), -a-71 2l^-¥-o|l ■aAVSj.fe ^g-?! 4^ 
(X 3)21 ^^21 Ij^ (\ 3), 4'-7l IiN (X 3)21 ?)-^ Aj7l I!l-^J-(\ 3)2] ^^o] AV7I 2l^^-¥-l- -f-^f^^A^ 

-«! t^asl-fe -^^1 n3^l- 5)^^21 s]^i^^-t louT (X 3)o14 n. ^-s- ^#^1?!^ SI- ^^^S. %n 

louT (^. l)/IiN (A^ 1) > 0.7 
Tout (X 2)/Iin (X 2) > 0.7 
lour 3)/IiN (X 3) > 0.7 

E^ 1 

(c) 
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